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toward each other, has been termed by Sir I. Newton, and others, 5 


| eo, Fax ſaid to ts 8 * wn the larger to attract 
ſmaller. : 
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F light badies fait upon 8 res 
of water contained in a glaſs veſſel, 
=. they. are obſerved. to be a" -— =, 
ward the fide of it. © © | 

That power Th be the wa of it) by which Us... are ir 


of 


traction, gravity, or ſometimes gravitation, which only ſignify the diffe- 
rent modes in which the fame principle” operates. Thus the: aa * 
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- Glaſs planes, held eontiguous tp each other, 
are obſeryed to attract the water in which i 


they are immerſed,” and to raiſe it i | 
tween chem, above the RT" of e eite 
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ary tubes attract the water i in a en 
they are immerſed, and raiſe it above the 
level of the external water. 5 N 


Ex x. IV. 5 
EY A copper-wire, one tenth of an inch in 

diameter, and three inches in length, being 
ſtretched with weights, is obſerved to ſuſtain 
270 ot before it is broken, 


E's V. 


. fark of hard bodies, bein 
poliſhed and * into contact, e 
5 cohere. | 


E X r. vi. 


Bodies We their vis inerti are n to 
reſiſt the impulſes of any force tending to ſet 

them in mation. —Bodies in motion, reſiſt 
the impulſes of any force tending to | auginent | 
or en their motion. 


E x 25 VII. 


+ A body any how attracting 8 3 
| i ad by it with equal force. Bodies 
© tending toward each other, by their mutual 
' attraction, move with veloci ties, which are 
inverſely as their quantities of matter. 


The earth attracts the moon, and is equally attracted by it. The 
quantity of matter in the earth is about Fore. times _m than th 


tained in the moon; whence, W ocdathenda 
a right line by means of that mutual attraQtion, while the earth moved 
toward the moon one mile, the moon would in its approach to the earth 

deſcribe forty miles. And their relative velocities being always as 
40 to 1 they would at length meet impinging againſt each other in con- 
trary — and with *—_ moments, . 


Exp. vn. 
If a piece of gold and a feather fall at . 


ſame inſtant from the top of a glaſs receiver, 
well exhauſted of air, it is obſerved that they 
both deſcend to the bottom of the receiver 
in the ſame time. 


It appears from hence that bodies are attracted toward the 2 with 
forces not proportional to their bulks, but to the quantities of matter con- 
tained in them : for ſuppoſing the weight of the guinea to be a thouſand 
times greater” than that of the feather, it will require 1000 times greater 
Force to movethe guinea than the 2 ks through the ſame Tor! in the 


| ame time. 
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Exe. IX. 


If two Howe act at once upon a aka in 
the direction of the ſides of a parallelogram, 
and are proportional to them in quantity, it 
is obſerved that a force oppoſed in the 


direction of the diagonal, and E 
to it, will counterpoife the other two, and 


the body acted upon will remain at reſt; 


E x . X. "a | 3 2 


If a _ be acted upon by three forces, 
repreſented in quantity and direction by the 
three 1 80 of a triangle; or by four forces, 

B 2  . * “» 
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repreſented in quantity and direction by the 
four ſides of a trapezium, it will be at rſt, 


| Exr. XI. 
A body, or ſyſtem of bodies, will not be at 
reſt unleſs their center of gravity is ſup- 
ported. 


The center of gravity of an body ar ſyſtem of n is > point in 
which the weight of the whole is collected, and conſequently will d- 
ſcend to the loweft _ palkble, 1 


Exe. XII. 


lr any plane figure be placed upon a 1 | 
or-fulcrum, it will not reſt in any poſition 
whatſoever, unleſs the centers of ſuſpenſion 
and gravity coincide. 


} 


ExP. XIII. 


Ik a body hang freely from a center of 
ſuſpenſion, it will not be at reſt, except when 
the line of direction produced paſies thro? | 
the center of ſulpenſion. 


Exe. XIV. 


If a body vibrate freely round different 
centers of ſuſpenſion, the interſection of 
lines drawn from thoſe centers perpendieu- 
lar to the horizon, when the body is at reſt, 
will be the center of gravity. 


Exe. XV. 


BP 
E x p. XV. 


Bodies may be conſtructed in ſuch a man- 
ner, that they may appear to aſcend while 
their centers of gravity deſcend. 


E * r. XVI. 


Let t two bodies, of any given magnitude 
and weight, be connected together by a rod, 
and let them revolve in an horizontal 
round different points in the rod; it is ob- 
ſerved that the center of gravity will not be 

quieſcent, unleſs the center of motion coin- 
cides with it. 


The centrifugal forces of hi two bodies e round a point in the 
rod w. Il nat be equal, unleſs the centers of mation and gravity coincide, 


| E X P. XVII. 

If a cylinder be placed upon an hotizontal 
plane, the line of direction being without the 
baſe, the cylinder will fall; but if the plane 
18 elevated i in ſuch a manner, that the line of 


direction may fall within the RING the * 
der * be bee ; 


Er. IDs, 


If ſolids of any kind be olaced upon an in- 
clined plane, when the lines of direction 
always fall without their baſes, they will roll 
doun the plane; if the lines of direction fall 
- | within 


_ 
„ a4 gs 9s, 


within the * and © ſurfaces beſmooth, 
the welch will ide down. 
EN Þ.. XIF. 
Let weights be ſuſpended on a rod in the 


following manner: three ounces at ſeven inches 


from either extremity, four ounces at ten 
inches, and one ounce at eleven inches; then 
the diſtance of the center of gravity from the 
ſame extremity is 7X3+4X10+1xm = 9 
inches. e | 


Ex x. XX. 


If a ET be ſo conſtructed, that a line 
joining the centers of gravity and ſuſpen- 
ſion may be at right angles to it, the rod 
hanging freely upon its center of ſuſpenſion, 
will not be at re in an horizontal 
N 


* — 


Ex. XXI. 


A weight which counterpoiſes an ounce 
when ſuſpended from the longer arm of a 
falſe balance, being added to the weight 
which counterpoiſes an ounce ſuſpended 
from the ſhorter arm, the ſum is obſerved 


* — , 
I 


to be greater than two ounces. 


Exr. XXII. 


17 3 
5 E X: p. XXII. 3 N a 
Let a ſmooth ſurface, loaded with wei OY 


be placed upon an immoveable a ee 
plane: if both ſurfaces be hard and well 

liſhed, an horizontal force nearly equal to 
one third of the weight with which the 
upper ſurface is loaded will juſt move it 
along the * 


Ex. XXIII. 14 


Let two ſurfaces be placed upon an im- 
moveable horizontal plane, and be loaded 
with equal weights; equal forces will be re- 
quired to move them along the plane; but if 
the weights are different, the greater weight 
will require a greater force to move it, what- 
ever be the ene of the ſurfaces. 


8 XXIV. 


If a pendulum vibrate upon friction 
wheels, a given motion communicated to it 
will not be ſo ſoon deſtroyed, as when i it! is 
| ſuſpended on an-immoveable fulcrum.” 


The effects of friftion. may be eſtimated two ways. 
1. By the quantity of motion loſt in a given time, 

2. By the time in which a given quantity of motion i aura j. the 
latter method is made ule of in e. : | 


Exp. XXV. 


4 There will be an . on a eat 
lever of 57 kind, when the power is to the 
* 


® 4 
weight, as the diſtance of the * to the 
diſtance of the power from the fulcrum. 


For if not, let one of the weights preponderate. Therefore the pre- 

nderateing weight has more moment than the other; but ſince by the 
3 thefis, the weights are inverſely as the arms of the lever, it follows, 
that the velocities of the weights are inverſely as their quantities fof 
matter 3 Whence the moments of both are equal: but they were 
proved unequal. This contradiQory concluſion reſults from denying the 
propoſition affirmed, which is therefore true. The ſame method of de- 
monſtration may be extended to all the mechanical powers. 


Ex r. XXVI. 
There will be an n equilibrium upon a bent 


lever, when the power and the weight are _—_ 


inverſely proportional to. the lines drawn 
from the fulcrum PIPELINE to the lines 


of birecven. 


Exp. XXVII. 


If weights, be ſuſpended on the arms of } a 
ſtrait lever, there will be an equili- 
brium, when: the ſum of the products 


of each weight multiplied into its 3 mugs 


diſtance from the fulcrum, on one fide, 
equal to the ſum of the products n in a 
fimilar manner on the.other. os 


E XP. XXVII. 


The ſame moment is qt on 


the arm of a ftrait lever, . whether, weights 


are ſuſpended at any given diſtances 


from the en ; or the ſum of the 
weights 


* 


. 


dies 1 
weights i is ſuſpended at Nh oi: of their 
R OO. o'r 212, aSu.wr 


A $7 Wi. 


| On a fixed philly there is an a cool 
when the power is gael. to the weight. 


8 a 8 5 2 TE will 
an equilibrium, when the c is to 
weight, as one to two, - | 


— I — * — — 
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NT Ex. XI. 


There will he an e juilibrium i in a ſtem 
of pullics, where the ſame ſtring goes round 
all the pullies contained in two blocks, when 
the power is to the weight, as unity is to thy | 
number of ſtrings at the lower * F 


E XP. XXXII, 


There will be an quilibrigta 5 in a 0 yſtem 
of moveable pullies, Where a ſeparate ſtring 
goes round each pulley ; when the power is 
to the weight, as unity to that power of We. 
whoſe index is the number of pullies. 


Ex T. XXIII. 


There will be an equilibrium in that 
ſyſtem of pulli 24 the ing which goes 


i "I ; round 


. £33 


9 


=, 


1 20,1 
round each pulley is fixed to the weight ; 


when the power is to the weight, as unity to 
that power of two, whoſe index is the num- 


ber of pullies, the whole being decreaſed 
by unity. 


'E *r. XXXIx. _— 
When the reſiſtance which acts againſt a 
wedge is perpendicular to the ſides, there 
will be an equilibrium, if the power be to 


the weight, as the back of the 3 is to 
the ſum of the ſides. 


: Exe, XXXV. 


There will be an equilibrium on the ferew: 

when the power is to/ the weight, as the 
diſtance between two contiguous threads, to 
the circumference which the Power de- 


ſeoribes. 
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Ex r. XXXVI. BE es 


- Tbere will be an equilibrium onthe ke 
Abd axle, when the power is to the weight, 
as the radius of the axle to the wean _ Gon 

wheel. ; Sodsw 


E 5 XP. XVI ; 


If a weight be ſuſtained upon an a e 


lane, by a power which a& a direction | 
P * — ich a h parallel 


* «4d * 
17 3 
yr 


Tm 1 
parallel to the plane, the power will be to 
the Bs, of as "” Kaas? of the e to 


47 * + LF 4 - + 
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If a Pres! be ſupported. on an | nag 
plane, by a power which acts in a direction 
parallel to the baſe, the power will be to the 
EP, + as us e wi he TR to — 
baſe. 
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If a weight be ſuſtained t upon an inclined 
plane by a power which acts in a direction 
any how inclined to the plane, the power 
will be to the weight, as the ſine of the 
plane's elevation to the coſine of the 
angle, in which the direction of che power 
is inclined to the plane 


Ex r. . : #4 


On 2 3 1 there. will be an 
equilibriam. when the power is to the weight, 
as the product of the powers on each lever, 
to the product of the weights. 


The general rule for determining whea there will be an equilibrium on 
a machine, compounded of any number of mechanic powers, is this: 
—Set down the ratios of the power to the weight on each mechanical 
power ; the ſum of theſe will be the ratio of the power to the weight, 
when there is an equilibrium on the machine, 3 . 
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An is ivory ball i impinging directly _—YY a 
quieſcent. ivory ball of equal weight, com- 
municates to it nearly the whole velocity of 


the impact, and after the ſtroke remains al- 
mak e 


XP. XIII. 


Let the centers of any a of conti- 
guous ivory balls, equal in weight, be placed 
in a right line; and let the firſt impinge 


againſt the next to ĩt in the direction of. the 


line joining the centers: It is obſerved that 


the ball moſt remote from the ſtroke flies 
off with a velocity, nearly equal to that of 


the ſtriking ball, which, with the interme- 
diate balls, remains almoſt n 


9 "EXP, "XL... 
An ivory ball impinging dreciy Ian | 


a quieſcent ivory ball of twice the weight, 


communicates to it nearly two thirds of the 
velocity. with which wy HHP U is made. 


E * 2. XIIV. 


1 an ate ball plot dirty againſt 
« ter elaſtic ball of greater 1 the 
e 22 


[ 4 


ſtriki ng ball will be reflected. If a heavier 
ball ftrike againſt a lighter one at reſt, both 


the balls, after the impact, will 89. on in 
direction of the ſtroke. 


E x . XL. 


1k two. unequal weights be ſuſpended & 
a line joining them, and going over a fixed 
pulley, the heavier weight will preponde 
rate; and in its deſcent will deſcribe 


ſpaces which are as the ſquares of the times 
of falling from reſt. 


If a body fall freely by the farce N i will deſcribe fixtean 
feet in one ſecond, and fixty-four feet in two ſeconds of time z The ve- 
- locity of this motion, is too great for any obſervation to be made in the 
F deſcent and ſpaces deſcribed, unleſs the body 

from very great altitudes; but in this experiment, the abſolute 
force of gravity being diminiſhed, the velocity likewiſe will be ſo much 
diminiſhed, that the proportions of the times of falling, and of the ſpaces 
deſcribed, will be eafily aſcertained during the deſcent through ſmaller 
| altitudes.— If the weights be @ and 3, o 


derating weight, will be 1675 * ey fem in 1 ſeconds; wherefore 


if a= 81 ounces, and 6=8 ounces, the heavier of theſe will de- 
{cend through about three inches in one ſecond, 3 4 inches in 
two ſeconds, 3X9 inches in three ſeconds, and fo on 
De for the loſs of motion ie from frition, w CER hn 
8 very much diminiſhed in order to make experiment —_— 
cotreſpond with the theory, — Some uſeful practical rules may 
derived — theory of bodies falling freely — the force of my 
Suppoſe the ſpace deſcribed by a body falling from reſt in one ſecond, to 
be fixteen feet, which it is nearly; (on the refiftance of the air will bring 
it ſtill nearer :) E v the velocity acquired 
e t in the time of om IE HAY | 


have 1672, = v=8y/T, v= 321, ui, E . 

. 

Hence having given any one of theſe ; 3 vie, either the time of deſcent, 

the ſpace deſcribed, or velocity acquired by a body 2 has N from 
= the 7 e * be readily dt ed. 5 
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Exy, XLVI. 


If two bodies begin to deſcend from the 
higheſt point of an inclined plane at the 
ſame inſtant, one of them will fall through 
the perpendicular height, while the other de- 
ſcends on the plane to the interſection of the 
e draun from the oppoſite angle. 


Exp. XI VII. 


If OEM be along inclined planes 
which have the ſame height, the times of 


deſcent will be as the lengths of the planes. 


For the times of deſcribing different inclined planes are directly as the 


lengths of the planes, and inverſely as the ſquare roots of their perpendi- 


cular heights : The heights being the ſame in this experiment, — 


x 


ꝶ6ʒ5'l CRETE, [ 8 


E X P. XLVII. 


If two pendelums be equal in 1 . it 
is obſerved, that they deſcribe equal arcs in 
equal times, whatever be che N of 
their weights. | 


From hence we infer that gravity acts upon bodies with forces propor- 
tional to their quantities of matter. For fincethe two pendulums vibrate 
through the ſame ſpace, in the ſame time, it follows that gravity muſt 


| uf upon the heavier-with a force proportionally greater than _ with 


_— it 3 the om 5 1 VII. 


da E x f. XLIX. e ee, 

If two pendulums be equal in length, it 
is obſerved that b deſcribe ſmall circular 
arcs in nearly the ſame time, whatever be 


the — of the arcs. 


* 0 + 
4 = £4 


Whenever: the. forces which beckons bodies are proportional to the 
ſoaces to be deſcribed, the times of deſcribing thoſe ſpaces will be equal. 
In the preſent caſe, the forces which accelerate the pendulums are as 
the fines of their angular diſtances from the loweſt point; and the arcs 
being ſmall, the read of their fines will be nearly the fame, as that of 
the arcs themſelves, or of the ſpaces to be deſcribed, Whenceit follows, 
that the ſemi. vibrations of the pendulums moving through the different 
arcs, and 1 the entire vibrations, will be deſcribed. EP 

_ times. > 


45 E 4 - N 


E x . ve 44 


If the lengths of two 2 kh as 
four to one, it is obſerved that their times of 
vibration in the {mall a arcs of a circle are as 
two to one. 


E P Lt. rand] 
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Loet a cylindrical rod vibrate in A x vertical 
plane on one of its extremities, as an axis 
of motion: a pendulum, the length of which 
is two thirds of the cylindrical rod, will vi- 
brate in the fame time. 


The center of oſcillation is that point, in whick all the moment of 
a body revolving round a center of motion is collected; in acylindrical rod, 

vibrating round one of it's extremities, this point is diſtant. two thirds — 
the whole length from the center of motion. — The diſtance of the 


center of oſeillation from the center of motion determines. the Epics 
fs os" 8 * 


1 b LEY 1 
1 3 2 3 1 * 1 1 

f * . s 

K * 


ER * r. LI. a eee SELLS 


Tas a ci pendulum, | as the center of 5 
| ſuſpenſion i is brought nearer to the center of 

gravity, the diſtance of the center of oſcilla - 
tion from the center of 3 in- 
creaſes ine limite. 85 
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Let 1 two weights, A and B, fixed at 
d ede ea rad; and l. e difancen off ind B in the conter 


of ſaſpenfion be @ and reſpectively : If the weights be on the fame fide 


of the center of ſuſpenſion, the diftance of the center of oſcillation from 
6 the weights be en differegt des af the center of 
Aa? ＋ B= 


rr | 
folpention, the diſtanee of vn of oſcillation will be-: 


in this caſe when Aa==Bb, the center of gravity coincides with the center 
of ſuſpenſion, and the Stang it becomes 


=== ; hich is infuke, 


E * LI. 
It che * an inverted c KY * Song, 


to the horizon, and bodies Len from dif- 
ferent points of the arc to the loweſt 


point, it is obſerved that wen times sof deſcent 


Lan; ag e 


Tue forces which accelerate bodies deſcending on the a arc ia 
the poſition as deſcribed in the experiment, are as the ſpaces to be deſcribed, 


| . . other. 


= XP. LIV. 


9 Ta — fall from reſt 3 
inſtant, the one deſcribing the inverted 
ſemicycloid, the other deſcending in a right 
line joining the extremities of it, the body 
vrhich deſcribes the curve, will arrive at the 
loweſt point before that which ts 
along the right line. 


Dh ace 3 hdr cis property, the Une of Fit dſt, 


_ 


Birr 


"TT ww] 
- Exe. LV. 


| Bodies projected near the ſurface of the / 
earth, in any direction not perpendicular wo A ; F4 
horizon, deſcribe a parabola, 


Experiment will not exactly agree with the theory of proſectiles, unleſs 
the reſiſtance of the air be taken into conſideration ; but the difference is 
not conſiderable. Some uſeful practical rules may be deduced from the 

principles of projeCtiles : In experiments made on the ſtrength of powder, 
and other circumſtances relating to guanery, the angle of elevation, or the 
firſt direction of the project is uſually 4.5%, in which caſe the time of flight 
being given by obſervation; the horizontal range, the greateſt altitude, 
and the velocity of projection will be readily aſcertained. - 
Let a = the greateſt altitude of the . 
in feet. 


v = the velocity of projection 

5 = the borizontal range | 

t = the time of flight in ſeconds 

then t being given we ſhall derive from it 
a = 48> —* | ; 

- 5 = 167% 


98 v Kin | 8 3 


E x p. EYE. 


If the velocity of projection be given, the 
horizontal range is greateſt when the angle 
of elevation = 45%. 
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EZ TZZIN II I. 


— cr of 
when mecaicd iafflnids of the fame fort. — The trac reaſen 
5 eee eee eee 


Ex r. II. 


Let 2 hollow ſphere be made heavy 
to fink in water, and let it be 
weighed when immerſed: being filled with 
water, and again weighed when i 
it is obſerved to be heavier than before, by 


| the weight of the included water. 


This experiment is a Grect proof, that a fluid, when immerſed in is 
own clement, loſes a0 part of its weight, 


Exe. HI. 


Let mercury be poured into tubes, open 
at both ends, and bent at different angles; 
upon immerſing the ſhorter arms in water, 
it is obſerved, that the mercury in all the 
longer arms is elevated. 


4 Oee of the princieal properties of fluids is their proſe in ll dmc 
. which eden ,... experiment. 


D 2 e 


[ 20 ] 


Ex. IV. 


Let piece of cork be fitted to the TEAS 

of a veſſel, ſo that the ſurfaces may be every 
where in contact. If mercury be poured 
into the veſſel, the cork will not aſcend, till 
the ſurface of it is ſeperated from the bottom 
of the veſſel. - 


g immerſed in mercury, is preſſed = with a force 
which is * than its weight, and muſt therefore aſcend, unleſs the 
communication between its lower ſurface and the fluid is prevented: this 
dd effected in the experiment; by which means the cork remains attached 
to the bottom of the veſſe], partly by its own weight, and partly by the 


weight of the mercury n. on its upper _— 


Exe. V. V 


Let oll be poured into a bent tube, open 
at both ends; upon immerſing the ſhorter | 
arm in water, it is obſerved that the oil af- 
cends in the longer arm, and deſcends 1 in the 


other. 


This experiment is intended to prove, that @ heavier fluid _ pravitate 
vpon a lighter, | 


Ex v. VI. 


Let a tube, open at both ends, be im- 
merſed in mercury, contained in a glaſs 
veſſel ; if water be poured into the veſſel, it 
is 5 that the N will riſe in the 
tu 


This riment proves, that a lighter fluid may gravitate upon 3 
neavier.— — eas. from Nes that however ** a fluid may 
dy 


[ 21 * 


Re. ha a ee of it preſſing upon the ſurface of a heavier fluid, 


may raiſe it up ai immerſed tube, with the inne of which, the 3 
fluid does not communicate. 


E 2 X P. vn. 


If any number of tubes, however differ- 


ing in dimenſion and figure, communicate 
with each other, ſo that a fluid being poured 
into one of them, may flow into the others, 
it is obſerved, chat the ſurfaces of the fluid, 
in all the tubes, are on a level. 


„ E x p. VIII. 


et the ſhorter arm of a ſyphon be im- 
merſed in mercury; if the air be removed 
from the inſide of the tube, it is obſerved, 
that the mercury will flow out of the longer 
arm, in a continued ſtream. 


It may be inferred frem the preceding experiments, that the gravita- 
tion of bodies toward the center of the earth is not confined to thoſe 


| which are uſually called heavy, but extends to matter in general; and 


that the terms heavy and light are merely relative expreſſions, 
| The relative weights of ſubſtances, er their ſpecific gravities, are mea- 
| ſured by the abſolute weights contained in bodies of equal magnitudes : 
Thus if a cubic inch of copper, weighs nine times as much as a cubic inch 
of water, the relative, or ſpecific gravities of copper and water, will be 
as nine to one. From hence may be derived theſe general rules: 
7, The weights of bodies are proportional to their magnitudes and ſpe - 
cific gravities jointly, 


2. The magnitudes of bodies are as their weights directly, and ſpecific 
vities inverſely, 


3. The ſptcific grayities of bodies are as their weights direQly, and 


magnĩtudes inverſely. 


whe! IX. 


Leta circular plate of braſs be exactly fit- 


ted, ſo as to cover the lower aperture of a 
GAGA tube A perpendicularly 1 in 


Water. 
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altitude the fame a 


Fa ] 


water, — If the plate be immerſed to a 


depth of eight times its own thick- 


neſs, it will be juſt ſupported by the 


preſſure of the water, | 


The weight of the braſs, is equal to the weight of eight times its bulk 


© of water; whence the preſſure on it muſt be equal to the weight of a 
© column of water, whoſe baſe is the ſurface prefſed upon, and altitude im 


perpendicular diſtance from the ſurface of the water. 


D. X. 0 
Let a tube (open at both ends) be inſerted 


into a cloſed cylindrical veſſel. If water be 


poured in, ſo as to riſe in the tube to any 
altitude, it is obſerved, that the preſſure 
which the. baſe of the veſſel ſuſtains, is 


equal to the weight of a cylinder of water, 
whoſe bale is the ſurface preſſed upon, and 


s that of the water in the > 


tube. | 


We obſerve from this experiment, that the quantity of preſſure upon the 


baſe is much greater than the weight of the fluid contained in the tube and 


veile:, which has been efteemed a paradox, but will be - eafily accounted tor 
by obſerving, ti at if an aperture were made in the top of the incloſed veſ- 
fel, the water by 1's preſſure upward, would rite to nearly the fame level 
with that in the tube; -whence the water being confined by the upper part 


of tt e veſſel muſt my againſt tne baſe with an equal force, action and 


ie- action being equal ; io that the preſſure ſuſtained by the baſe, onfiſts 
both of the weight of the fluid, and its re-action againſt the upfer 
ſurface of the veſſel. | | 


E X1. $ 
Tf a folid float upon the ſurface of a fluid, 


it is obſerved, that the fluid diſplaced is 
cqual in weight to the ſolid. 


From this experiment we may derive the following coneluſion: Since 
the ſpecific gravities of bodies are as their weights cireQly, ani magm- 
tudes invertely ; if their weights are equal, the ſpecific gravities muſt 
be invertely as their magnitudes.— The weight of the water diſplaceo, 
and of the ſolid, are equal by che experiment; wherefore the ragnituce 


cf the water di'pl.ced, mufi be to that of the (ulid, as the ſpeciſic _— 


4 


PP 


Ps | 


_ . 8 _ : . N 


of the ſolid, to the ſpecific gravity of the fluid; or, in other words, the 
rt immerſed is to the whole, as the ſpecific gravity of the ſolid, to the 


fpecific gravity of the fluid, Hence it 2 that ſhips diſplacea quan · 


tity of water equal in weight to that of the ſhip and its loading—if a 
quantity of water be let into the cavity of the ſhip, ſo as to make the 


weight of the whole, greater than the weight of an equal bulk of water 
the ſhip will fink, ' s eee 


r 
If a cylinder, ſeven inches in length, the 
ſpecific gravity of which is nine times greater 
than that of water be immerſed in mer- 
cury ; 2.5 inches of it will remain above 
the ſurface. | be 


From the laſt experiment, the part immerſed, is to the whole as the 


* 


ſpeciſic gravity of the ſolid to the ſpecific gravity of the fluid ; or in the 
| preſent caſe, as the part immerſed: 7 :: 9 : 14 Wherefore the part 


- immerſed =2N7= 4.5: And the part remaining above the furtace 


. * 
= 25 inches; 


Exe, XIII. 


If a cylinder of elm, (or any other ſub- 
ſtance of the ſame ſpecific gravity) ten inches 
inlength, be immerſed perpendicularly in 
water, the part remaining above the ſurface 
is obſerved to be four inches. | 

2. If the ſame cylinder be immerſed in 


ſpirit of wine, the part remaining above 


the ſurface is only three inches. 


Upon this principle the hydrometer is conſtructed. For the ſpecific 
gravity and magnitudeof the ſolid, continuing the ſame, we ſhall have the 
ſpecific gravity of the fluid inverſly as the part immerſed ; if therefore 
the cylinder be graduated, tbe depth to which it finks when immerſed in 
difterent fluids, will ſhe w their relative or ſpecific gravities : Thus the 
depth to which it ſunk in water, was obſerved to be fix inches, 
in ſpirits of wine ſeven inches; wherefore the ſpecific ęrevity of water, 
in to that of ſpirits of wine, in an inverſe proportion of theſe numbers; 
or, 28 7 to 6, or as 1 to. 857. 5 


. 
E xe. XIV. 


Let a cylinder, ſeven inches in length, the : 


ſpecific gravity of which is nine times greater 

than that of water, be immerſed in mercury; 
2.5 inches of the cylinder will remain above 
the ſurface. If water be poured on the mer- 
cury till it covers the cylinder, 2.7 inches 

will now remain above the furface. 

It followed from a preceding experiment, that if a folid floated upon 


the ſurface of a fluid, the part immerſed would be to the whole, as the 


ſpecific gravity of the ſolid to the ſpecific gravity of the fluid: and upon 
this principle, the part of the cylinder which remained above the ſurface 
of the mercury, was at firſt 2.5 inches ; but by pouring on water, the cy- 
ilnder was rai SY ſo that 2.7 inches remained above the ſurface. Hence 
the prior rule for finding the proportion of the part of a ſolid immerſed to 


the whole, will be accurately true only in vacuo, The rule for determining 


this proportion, in the preſent caſe, is as follows : as the part immerſed 
" 8 the whole, ſo is the difference of the ſpecific gravities of the ſolid 
lighter fluid, to the difference of the ſpecific gravities of the heavier 

It appears from hence, that if any ſubſtange float upon the ſurface of 
a fluid in vacuo, upon admitting the air, the floating body will riſe higher 
above the ſurface, ſo that the proportion of the part immerſed to the 


whole will be ſomewhat leſs than before. The difference of the parts ef 
a ſolid immerſed in a fluid, when in vacuo and in open air, may be . 


mated in general thus: 
let = the magaitude ef the ſolid 
s == itsApecific gravity 
A = the part immerſed when in open air 
B == the partimmerſed when in vacuo 


a = the ſpecific gravity of the fluid ĩ in which the a : 


immerſed. 


| 22 the ſpecific gravity of the air. 
Then by — the part im- 
merſed when in vacuo. 3 
Co 5 
By the latter rule g i : 3=g 2: a=g; RS EAR =—_ to 
the part immerſed when in air: and the difference of the e parts immerſed 


| N. mag __ — 
nr = — 


— e, 
at —ag I Op 
Hence we mav infer by making the computation, that the weight 


of the air incumbent on the ſurface of water, whereon a body floats, 


mokes ſo little difference in the propertion of the part immerſed to the 
whole, that it may be neglefted in any ctimate of this kind, except 
where the utmoſt accuracy is required, 

Exp. XV, 


| eee 9 of N 2 


oo vity and magnitdde of the ſolid : whence wp 


by 4-7 1 5 5 | 2: X 6 8 
m= ES parts of « able foot; iN 1 — * Ie 
= * d *L V "+ © . ; f "5. 
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EA. xu 
A ſolid is obſerved to weigh leſs when 
nmerſed in Water, than in open Air, 
the weight of a A . 1 water 
— in bulk to the ſol id. 


All ſolide deſtend in a fluid with forces leſs than their hos. an | 

the difference appears by the experiment, to be the weight of · a quanrit 

the fluid, equal in bulk to the ſolid, By means of this principle, the re- 
tive weights or ſpeciße Nee e of bodies are determined. The rule 

is this: Let the ſolid be weighed in air and in any fluid. Then as the 

whole weight is tb the difference of the weights, fo is ſpecific gra · 


T4; 
'E XVI. Daliog 
x v. * . x Res. 


OM 
os 


th ah 8 of any ſabddange whle) 


. 


will fink in Water, being immerſed; in 


it, weighs leſs by 253-2 grains 98, when 


it is weighed in air. — e 


8 From this experiment is deduced a concluſion, which. Pee . 
:tates the computation of the ſpecific gravities, magnitudes, and weights 


of bodies: The weight which the cubic inch loſes, in water, ap- 


from the prec experiment to be the weight of à cubic 


Inch of water, which is therefore==2 53.2 grains ; conſequently a cubic 


foot of water or 1728 inches 263. 2 K 1728==437 509 grains . 


or 1000 ounces. Let w==the weight of a body in ounces; f its ſpeci 


gravity, taken in that ſcale; where the ſpecific gravity of water == 1000 ; 
its magnitude, in parts of a cubic foot; and we have the felonies 
proportion: | 
100 : w-2: , mxe. 
or, as the number of ounces contalned in a cubie foot of water, is tothe 


number of ounces contained in the ſolid, ſo is the ſpecific gravity of the 


oubic foot of water x into its magnitude, to the product of the ſpecific era- 
3 XR — 


100 io 
Example, To find the weight of Aire cbt inches of braſs, Here 


TOA s; 


== ITO ounces. 


Example 2. To 4 a a quantity of air, which 


weighs an ounce: 


x er, wy magnitude required, 


: e {vey thin el be, e being full k 
of air, and when exhauſted, the difference 


of weights is obſerved to be nearly 7 of a grain 
for N cubic inch. contained-i in the veſſel. 


9 = 


1 


n "Ex p. XVIII. 


ENG a piece of cork be ly e counter - 
poiſed in a ballance by a leaden weight: if 
the whole be placed under the receiver of an 


air pump, upon exhauſting — the cork , 


will Preponderate. 


4 Since all bodies deſcend in vacuo with 9 which are actin? to 
their quantities of matter, or their weights, it follows that two bodies 


Which counterpoiſe each other in vacuo, contain accurately equal quantities 
of matter; but when a body deſcends in a fluid of any kind, (not tenacious) 


its force of deſcent is diminiſhed by the weight of a quantity of fluid 


equal in magnitude to the ſolid. Hence it follows that the air's preſſure 
© diminiſhes the ht of the cork more than it does that of the lead; 
"whence theſe ſubſtances, being counterpoifed in air, will not contain \ 


- * equal quantities of matter; and the air being removed, the weight which 
bs really the greateſt muſt preponderate. 
We learn from hence that the true weights of bodies are not obtained 


by weighing in air, unleſs the body to be — and the ane are of 5 


the ſame BER * 


If a piece of copper be exactly eounter- 


poĩſed in air by a braſs weight, and both 


the copper and braſs be immerſed in water, 


the copper will 9 


EI 
differences, f. 


- the rule: 


not ſink in water may be determined By 


1 2771 
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nei which this iment depends, is this : the water 
ping "th iteate force tai * Nel ig 3 the 


in magnitude; whence the draft will loſe more weig 
by | 108 Must therefore ꝙ ene Let au/ — 
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weight which muſt be added to the ſcale from which the brafs is ſuſpended, 
in order to reſtore the DO 
| 1 
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BK. NX 
Thie ſpecific gravity of a body” which Will 


uniting it to 4 folid i fe that the cor und 


may be ſpecifically heavier chan Watefe 3 


3 J 
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This method of determining ſpecific gravities may be _—_— gene- 


rally thus: 
Let A the weight of the heavier ſolid 
2 
B = RENE * 
ö Xx = its 1 gravity 7 om | 
„ EI hoof] the eee 2 


0 2 — 2 gravity. . 8 24 n 
2 * Then den the principles of? [ kcikeS grovities, td hae 0 


e whencs's * Fre 
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Eur. XXI. 
Let a \ glaſs. tube, 36 inches i in Tm: be 
filled with mercury, and one extremity 
being clofed, let the other be immerſed in 


a veſſel of mercury ; it is obſerved, that tho 
mercury ſinks from the upper end of the 


A 


% 


ws * Let 


tube, FA remains ſuſpended at an — vr 1 
of” about wenn ane inches = a e 


1 {6 „ TO. tit v&f 449)! 5 * 


"Ex * P. XXII. N 
56 A- dite leſs than twenty o5-<ight” Mels 
in length, being filled and immerſed, the 
the mereury Will remain contiguous t to the 
upper ent of the tube. e | 


The ns W i thy babe uo 6, ien en lle n 
* os SER ING al . 


xf. XXIII. 


iS 7 darometer tubes, of e 
and inelinations, be filled and immerſed, 
it is obſerved, that the mercury remains ſuſ- 
pended at the ſame: 5 e 


them all. 


3 Rae AK PE e271 2888 £29 ** 


Exp. SY 


1 9 1 
l it is nearly on a level wich the mercury 


in the veſſel. Upon admitting the air. 59 | 
mercury riſes to its former altitude. 25410d 


PEE * ” „ & x 


EE 7. xx 


Let a tube, chirty-fix tices in. 16g, 
Fa at both ends, n N in mercury, 
contained in a veſſel, from the inſide of 
' which the external air is excluded ; if the 
tube and veſſel be placed under a receiver. 
it is obſerved, upon exhauſting the air, chat 
the mercury is. raiſed in the tube N 
to the ſtandard Altitude. pm 


1 is aal ge Sts hd?! Ad! elaſtic fores df the 


y'far 
e e ar the weight of the an 


2 Ai itt: an 


let a veſſel be filled with water, and the 
aperture of it be exactly covered with a 
braſs. planes! anne e he 


1 - 
FF 
13 od - » 


: * 


* X r. vn. 51 


| Let a thin glass veſſel, the aperture 5 
which 1s cloſed, be placed und the re- 
celver 


8 1 


Ceiver of an Abi „ik td af bei Be 
; hadſted from the receiver, e 
W pen 


- E X f. Xxx II. 

Lets a thin glaſs veſſel, the aperture of 
Which is Coley, be * d with a valve, 
opening güte ard 8. If this be placed under 

Ie * per. of an air-pump, the al alt be- 
ing. exhauſted,” "and re- admitted us by 


 tecaver, the veſlel will be broken, .- 


r i | <5 Dt 7 
an . alla oi” Lig dee Sl 
"Mi! * 5. & #5 | 44 higbass 44 L113 £3 
„Let a thin plate of glak be. fitted to the 
upper aperture of a receiver, fo: that there 
be no communication between tlie internal 
and external air; upon exhauſting the re- 
. the pla? of- lat! is 3 


. 363 oa Eb. XXX. dle 8.1 1 


Gun . 2573v00 Yoos ©> 2] 0 571: Figo g 
If a barometet be immerſed: in a veſſel 
of mercury, and ſuſpended fn tlie 
of a ballance; it is obſerved that the weight 
neceſſary to counterpoiſe it, excluſive of 
the tube, is equal - to the, weight of the 
etre ſuſtained in the barometer, by the 

WY the atrhoſphere. ? 8 11 

i 4.24310 DIIELG = WC 5 81 vin 
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Exp. 
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Let uo hello — Weid teen be 


Coax placed together ſo as to prevent the 
communication of the exter nal = internal 


air; if the air be exhauſted from the cavity, 


it is obſerved that the hemiſpheres are preſſed 
together with a force Which requires a 
weight of about fifteen pounds for every 


ſquare inch of a great circle of 2 
. to ſe parate them . 


Exe. XXXII. 1 


a 


lk 1 e hemiſpheres | "Th ſuſpend- 
ded under the receiver of an air-pump, 
upon exhauſting "the ., air, the lower 


hemiſphere will fall to the bottom 1 the 
receiver. f 1 7 


* 1 


_ 40 
4 


A xxx.” 


If an exhauſted receiver be _ to com- 
municate with a veſſel of: Water, by means 
of a tube inſerted in the center of the plate 

on which the receiver ſtands; the Water 


| aſcends through the tube, and ſtrikes 


againſt the extremity of the 1 receiver With 


a x continued realy. l I. 
5 * 
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Let a glaſs gene —— Final orifice 
aides in that part of it which is immerſed, 
float upon the ſurface of à veſſel of water: 

if the veſſel be placed under the receiver of 

an air-pump, upon exhat the air, and 
re- admitting it imo the receiver, the ſphere 

will be filled with water, n the 
— of this Ong. | 


Ex . xXXV. a 


Warm water, or newly fermented li- 
Wes, N to e! in vacuo. 


1 


* 8 * 
6 J 3 
35 Exe. XVI * 
. þ „ : 
| 0 4 | | 


The ſpaces. into Which a given. quantity 
of air is compreſſed, are obſerved to be 
leſs in the ſame, proportion, as the forces of 

1 86okg are EO 


"4 F * 
"2 $#3%% £ 


1 ten nh of air 8 included with 
the mercury in a.barometer (exactly cylin- 
drical) of thirty-five inches in length; if 
the barometer "oh inverted and immerſed ; in 


mercury, the included air will now occupy 
Fenty inches. 


From this experiment is derived 8 As the 
Aandard * e is MO the 


$30 ef 4 f be ch 


1 gy 33 1 
1 fe veep Vit 
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che difference between ee eee 
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20 


1 de gase Atitade be greater hdd the” He e the 
| and the defect from the ſtandard un or 


x will now be equi. to | — 


The barometer tube deing cylindrical, the 3 5 8 air included 
before inverſion, and the ſpaces copied after inverfion are eſtimated by 
the degrees, into which the-kngthof the tube-is divided. 

A general concluſion is derived from the two preceeding experiments, 


0 . 
* 4 p 
2> 2 1441 


| 5 the thftic force of the air is cri, Rey it's * 
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nice the when which k octa 
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The altitude of. the mercury in a barome- 


ter, elevated above the ſurface of the earth, 
is obſerved to > be leſs than the ſtandard alti- 


tude. : : 12 13 * F | 
Since the ſuſpenſion of A * in As 3 has 5 proved | 


| toariſe from the preſſure of the atmoſphere, it follows, that if any 7 


- beraken off, the- vititutte vf the 


| tube will be dimmiſhed.— The fol owing rule will determine the eight of 


k bultaia. by Mcans-of the barometer +. (ſetting Ade be effecti r the 
flare temparatures of the air.)+—Let. the. ahituur of the mercury in the 
* ibis. F be 2; the eee 


D d iht debe .f reef l. 


The log, of ＋ is here ſuppoſed to be ner 


ExP. XXXIX. : 
it a a tube be immerſed i in a fluid, and the 


air contained in the tube be rarefied, the 
fluid will riſe 1 in it. 


” Thie 


K . 15 


This experiment is fimilar to Exp. XXV. but is immediately def gned 
to explain the operation of pumps in raifing water : theſe inftruments, 
however various in their conſtruction, all depend upon the ſame brin- 
2 e viz. the nem the art. 8 


** 


Exp. Xl. 


"vp a STI open at both WP hs " NPY 


De in water, the ſurface of which is con- 


tiguous to air, compreſſed into one half the 


ſpace, 'which. it poſſeſſes in the atmoſphere, 
the water will ſpout from the tube when 
placed vertically, to an altitude of about 
thirty-three feet, ſetting aſide the effects of 
friction, nd. the ora age, the alr. 8 1 


Exe. XII. 5 ny | 


Ik A bell 56. Rruck under the” receiver of | 


an air-pump, it is obſerved that the ſound 
becomes weaker | ho. more the air is ex- 
hauſted, | | | A 


It appears from this exptriment, les ſound is Fun by de air 3 

| us on account of the parts of the apparatus which communicate wi the 
ell; ſome ſound will always by . 2 © 8 air is as much ex- 

baulted as poſſible. J OZ DI WRIGHT 


| end 26h Ex v. XLII. 


» dy Phe is obſerved to be 3 in 
vacuo. If it be placed under à cloſe re- 


ceiver, it will be extinguiſhed after ſome 


1 Ithough the air be hauſted 
time, although tne air be not exhauſted. 
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Ex v. XL | 


N water flows out of equal apertures 
Wunde in the ſides of cylindrical veſſels, and 


the veſſels be kept conſtantly filled, it is ob- 
ſerved that the quantity of water diſcharged 
in a given time is in a direct ſubduplicate ratio 


of the perpendicular diſtance of the aper- 
tures from the ſurface of the water. 


: E xP. XLIV. 


If an aperture biſſects the altitude of a 
cylindrical veſſel, kept conſtantly filled with 
water, the horizontal diſtance to which the 
water ſpouts, is equal to the height of the 
veſſel, ſetting aſide the effects of friction, 
and the ne of the air. 


E x r. XL. 


If apertures be made at different diſtances 


from the ſurface of the water contained in 


a cylindrical veſſel kept conſtantly filled, the 
horizontal diſtance to which the fluid ſpouts, 
is obſerved to be the greateſt when the aper- 
ture biſſects the diſtance between the ſur- 
face of the water and baſe of the veſſel. 


In general, let A be the altitude of the veſſel, D the diſtance of the 
aperture from the ſurface, then the parameter of the parabola deſer bed by 
the fluid, will be 4D, the avſcifſa = A: And the 1quare of the or- 
dinate, or of the horizontal diftance is equal to 4 AD—4q D, which quan- 
tity is the greateſt when 1 = 2 D, or when the aperture biſſects the 
diſtance between the ſurface of the water, and the buſe of the veſſel. 


F 2 Exp. 


Ex x P. XLVI. 


4h apertures be made at equal diſtances 
from the bottom, and the tap of a cylindrical 

veſſel kept conſtantly filled with water; the - 

horizontal diſtances to which the water 


ſpouts from theſe apertures is abſerved to he 
1 
b SP 
[ 
| | 
Y 


OY 
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BLEGTRICITY. 


FENDT I. 


F gls tube made very dry, be rubbed 
1 with a piece of ſilk, it is obſerved that 
light ſubſtances, ſuch as feathers, cork, 


balls, &c. being applied near to it, aro felt 


attracted and afterwards repelled. 


The power by which theſe light ſubſtances are attracte ] and repelled, | 
is called EleQuicity 3 3 the ſubſtance by the friction of which it is pro- 
ace Taid to be electric; the friction, of eleQric bodies, is called 
Excitai on. 


5 44s IL. 


| Bxcited hag wat being applied near 
to hght nn firſt ane * ha 
repels them. 
Amber, fille, jet, dry wood, . 5# as fubftances. bei 


excited, attract and pee. light bodies, and are called —— 


water and other bodies, the friction of which will not produce this power 
of — and repulſion, are called Non-eleQrics, 


Ex P. III. 


H a metalline cylinder be ſupported upon 
filk lines, or upon glaſs, and an excited 


electric be applied near to it, e er. part of 
the cylinder will attract and repel light ſub- 


ſtances, in the ſame manner as REAP: excited 


electric itſelf. 


Metals poſſefling the power of trarfemitiiog electricity, are called 
Conductort; to theſe may be added "= and all boding which contain 


Exp 


[e387] 


TT 1M IV. 2: 


Let a ſilk line, or a glaſs 1 made very 
dry, be ſuſpended on glaſs; it is obſerved 
that electricity cannot be tranſmitted through 
either of them. 


844 
Glaſs being impervious to dleSricity i is called a 8 
Silk, jet, ſealing-wax, air, &c. are likewiſe Non-conductors; and in 
general, all bodies which are electries, are Non-conduQtors 3 "and all 
bodies which are Non electrics, are conductots. 


A body ä communicates 80 VEE but ny is ade to be : 


iaſalated. 


Exe. v. 


Let two cork balls be ſuſpended from 

lines about ſix inches in length, and inſul- 
ated ; if excited ſealing - wax or glaſs be ap- 
plied to them, they will repel each other; 


and after the excited electric i is removed, 
they are obſerved to remain repelled. 


"The uſe of inſulating, bodies, is to confine the FRY applied 


them, and to render the effects of it N 
E x r. VI. 


Conducting ſubſtances not inſulated, 
being held near to an excited electric, are 
n to be attracted towards it. 


"Definition, — The electrie power which is produced from the excitation 
of glaſs, is called the Vitreous Electricity; and the power which is pro- 
duced from the excitation of OO is called _ a e 


Ex P. VII. 


11 the inſulated cork balls repel each other 


with the vitreous electricity, the reſinous 


power . 


is 


E X r. VIII. 1 14-919 £900 | | 
b repulfion of -the balls clearified with A 
the reſinous power, is deſtroyed by the er- „ 8 


plication. of te vitreous. Wo 


oh #s > S.4 
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8 they are = N to attract eac 
other ſtrongly. 2 2 1 


and e 


1 39 J 


power being applied to them, will deſtroy 
that repulſion, and will cauſe the balls to re- 

| each other with the reſinous OY: 
IE the excitation be e "OG 


- 
$* 7% — Y 9 2 * * , > J 8 > 


K IX. 5 


IH * ad; ſealing- wax i TY : 4p 
are at once applied to the inſulated. tack 5 |} 
balls, no electricity of either ſort will abr 1 
pear to be communicated to them. 5 ES 


We obſerve from the three preceding experiments, that the vitreous 
and reſinous powers counteract each other; whence if both are applied 
at once to a body, the electricity communicated upon the whole, will be 
. the difference of the two, and will be of 5 ſort e is the 


4 3 2 — cleArified" wide contra 


Ed General Properties 1 71 


he "Bodies eleftfified vitreouſly repel each other. 
' 2» Bodies eleQtrified'refinouſly-repel each other.. 
3. EleQrified bodies attract bodies not lefrified. 


| nnn 


o F R 


—— er 


COTE 


* 8 A 100 rd hav irs Cpt t OY my 
be excited, it will communicate the” reſi- 
nous electricity to bodies held near it, 


1 * * TY.) * * AP. 
Fe 


„ : 1 LY 


A 1 of don being cpa to ache 
ſealing- wax, and touched at the ſame time 
with a conductor, is cledrited with the vi- 


l 


| treous power, 
n id dong Jed. from this And the preceding eimegt, that beth re- 


Fnous and vitreous powers are produced from the excitation ws 0 of glaſs 
r ef ſealing ws! For the fake of diſtinction, that peer which is pre 


duced by the 2 * use will be called vitzeous, A 


66 


TELE 


b „Base XIII. denen her, 


0 Ik 1 5 1 a glaſs — Wo LEG 


be inſalated, and a Wh: . to rhe 


cylinder while excited, it is obſerved that 
the rubber is electrifiec rehnouſly, 


RE. Re the-dleftric powers dre Taparated by 1 power 
— J 1 85 


to che excited clectrie, 274 the _ to the = robber, 


i B MO EE ITE 


Exe. XIV. 5 8 10 


If the rubber and Fan: plied to an 
excited eleQric, are both inſulate - the leſs 
electricity will be pro. 


Neither the ener nor conductor can be inſulated perfectly, on accoun | 


ef the Moiſture which is always floating in the air, 


Tf the air and tbe parts of the apparatus be very dry, little or no elec- 
Oe will be n in the circumſtances 9 | 


It 


ed, 'the wore per- | 


fect the inſulation 1 is made. 


| 
, 
9 


ak ke 


tation of electrikse. | 
An elearic aer en, . ped, 0e. . 


* 
: C * v " 3 F 
5 * [ 4 . 1.4 XY 


: P.. > . 25y PL {3 Fn 
3 
"tx xv. l 
X r. : 


| EleQified bodies attract bodies not 8 
i although a thin Ae 8 2 in- 
terpoſed ES them. e 


3 | 

. ; 3 : 
- : — 2 

„ | v6 - 7 ; „ 


| 5% " Mir." XVI. 
2 3 64+ II x 


Bodies cleftrified with contrary. 3 : 


N each other ſtrongly, although an elec- 
tric plate be interpoſed between them. 


Thus flame communicates heat n . 110 h 9 r- 
vious to the flame itſelf, 1 5 
| H Y P 0 T H R 5 1 8. 
1 © The two electrie powers exiſt together in all bodies. 


2. Since they counteract each other When united, they cat be made 
evident.to-the ſenſes, only by their ſeparation, 

3. The two powers are ſeparated ia nonelectrics by the excifuion of 
_ eleQricyz or by the applicatiem of excited electries. 

4. The powers cannot be ſeparated in electrie ſubſtances. 


; The two elefrkcties attra@t each. other Rrong}y through” the | 
. 1 of eleQrics. 


6. Klefrie fubſtances are i impervious to the two cleckrieities. . 


7. Either power, when applied to an unelectriſied . the 
wort as * e he pena ON 


. x r. XVII. 


- If one Sage of a plate be clefrified: wich 8 


either power, the oppoſite ſurface is elec- 
: ſr: wah the EVEN 5 tf ans not 
. _ Inſulated. "S111 56 


Either power being applied to one * Ty ſurfaces, attraQts the contrary _ 
N throuth the ſubſtance. of the eleQric, and repels. the electricity of - 

ſame fort with itſe}f.—The two powers being thus brought to the 

| rette ſurfaces of the * WRAY, is N them, remain 
N i N G 5 | OOPS 


4 * 


Hp”; 
7 


2 15 3 


* 
— 


| Gee plate 3 the plate is ſaid to be charged.” 
which forms a communication 9 two o changed furſaces is called a 


TIES 


tra "PE 


dde gly attracti 
en * e ora communication is 1; F the two 


; | . furfaces by ſore conducting ſubſtance. 5 


When the two powers. are fuſpended on the Ns ſite dre of 2 
ondvQing Tubſta 


circuit. 
F A * 12 wad X 
% 
820 x m. 
* 2 * : - # 15S 8 
; 8 2 Ba % "IF 3 5 c „ 9 8 7 > 
8 S 21 Ain 9 * 31 my N 4. (3: £25. reacts $ „ 88 


Whenever two powers unite by * 
a plate of air, an electric light is obſerved, 
which is attended with an exploſion if the 


charge be conſiderable; the union of the two 
+elericities deſtroys the effects of each. and 


leaves the Plate diſcharged. 


. * nnr 1/3447 
Wpbenever either power is accumulated in an e ectrie cloud, the ſurface 


or the” earth © ppofed to ft is ekedrified by the contrary Power, — —Thele 


powers fomerimes unite by NONE the der H "ow 


_ 


ot 


5 g * 


. I a air A 2 1 in EY 


tude * dimenſion, are charged by equal 
excitations, the plate of air is ohſerved ta be 


13 


much more eaſily broken by the force of the i 


change. than the plate of glaſs. 

- n Y Fa * * 
Exp. Xx. : 
13 $44 I's 4 n 42 


"ar If het knee bea ppbed te to either ſur- 
er a charged plate, at different diſtances 


from it, it is obſerved that the leſs the diſ- 


dance, the ſtronger the repulſive power. If 
"bodies not {IN are 2 THE leſs the | 


 diſtanc 


8. ach. other, git. we FORT plats i is 


| 1. 43 1 5 
Aiſtante from thechargeil ſurface, theltnmiar 


is the power of attraQtion ; from whence it rt 


is concluded, that the forces of electric re- 
poulſſen and atttaction vary in ſome inverſe 
ratio 'of - the diſtance,” A x nc ä l. 


n chatevery thing eile * che Go a thin eleQric PIs of 
| force, than a thicker plate, the attraction 

2 the tn power 

to each other. 


Ju eee, N 55 


* 
2 
3 


E x p. * 


. 


The force of an electric charge is ob- 


ſerdetl not to depend upon the; hape in 


vrhich the charged ſur faces of a given ma 


tude and thickneſs are diſpoſe dt. 


55 It may be inferred from'the preceding 2 N 


: A charged plate depends upon two things: 


1. The quantity of the ſurfaces charged. 1 bo 2 
2. Their proximity. | 
When the ſurfaces of an electric plate are charged with a certain quan- 


- tity of the two powers, it js odſerved that no additional electricity can be 
communicated to them, however great an excitation is applied for that 


_ _—_— 


„ * 


Bxy. Xl. 
If any part of the human body. forms a_ 


1825 of the electric circuit, it is obſerved. 
that the diſcharge is perceived in that part 


only which forms the communication, un- 
leis the ICED furfaces are * . 


e XXII. Ke 
11 talen different e md of diffe- 


rent ſubſtances form a communication be- : 
tween two charged ſurfaces of an electric 
ö 8 


© * Po \ . A 
- I : a * ” , : : 
, * * 4 
: 
* —. * 5 
7 of . 
| | | . 1 4 1 


. 
” 


| oy plate, ie, is obferavls that the diſcharge will ‚ 

| | |, be made through the beſt conductor, what- 

1 * eyer _ the lengths of the others. | 

13 „ circuits of the ſame ſubſtance be 

[| 5 ite in length, the diſcharge will be 

bo made through the ſhorteſt of them. 

| 5 ſw. If the circuits be the ſame in every 1 

- | reſpect, the diſcharge will be made * Ex 

| LE: 3 many of them at the fame tim. 
k: - x p. XXIV. 


| EE T be Winds of diſcharging the Cafes of 
—- | - _ -an electrie plate through the longeſt 'or 
1 „ ſhorteſt circuits are not ſenſibly different. 


— aa N.. —. 
er — 22 wang ets 
— - 


| | Many miles of che earth's ſurface, large tracts of water, &c, 1 

LE - : [you make apart of te elec ict, 400.06 ng bps bony. ine | | 
if ; | Ns ne E X P. XXV. 5 r ; | 
Hf | „ | 
1 8 If Ather ſurface of a 8 plate 3 | 
br municate with the earth, the power on 
fi  _. theoppoſite ſurface will expand itſelf into a 
LE * ; 3 which is W to it, although | 
I | | Ee. 

? : 
| | Wy Exe. XXVI, . 
33 > Iet one ſurface of a charged plate he in- 
1 ſulated; although the other communicate 

ie an, no e of ider 5 
\J . beet 1 follow, 

. 5 
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Let fs Gs of an cleric * * be 
very ſlightly charged and inſulated, and let 
an interrupted circuit be formed; the two 
powers will be viſible, illuminating the 
points of the interrupted circuit, nag each 

| power Will appear to extend farther from 
« 3 the ſurface contiguous to it, the ſtron 
| charge is communicated to the plate; but 
if the illuminations on each fide meet, there 
# will immediately follow an — of he 
whole charge. 


*1 


A cylindrical plate is that which is contained daes two. e gir . 


cles, the Planes of N are en to each * 


I X XXVII. 


1 11 A nde plate of air tl * 
| the receiver of an air-pump be charged, 
it is obſerved that the more air is exhauſted 
from between the ſurfaces, the more cafily 
the two powers will unite. 


The diſcharge appears to be made from that Rn wages h poſſe the 5 
. Power. 


Ex . ä XXIX. 


If an exhauſted receiver be ande part of 
the electric circuit, and the charge fhould be 
not ſufficient to cauſe an exploſion, an elec- 
tric light will appear to proceed in oppoſite 
directions from the parts communicating 


with the vitreous "ne reſinous ſurfaces. | 
= 8 | | If 


* 
„ n. 


* 


1 


I two 3 clouds, high in the 8 be Tse 


1 contrary powers, their, dj charge «cauſes an appearance fimilar to 


the diffuſe light obſerved i in the receiver, 


P ray 4 * DE 2 1 5 | — 
39 A ay 455 * 3 ? F 8 43 = 


* XP. XXX. 


The Aieog th _ the excitation being *7 
fave, is . that a charged plate of 
air will be the more eaſily broken, the 


| Caller) quantity of air is dict poled vers | 


the oppoſite. ſurfaces,  . _ 
- Hence an electrie is 61 ſeb through n 8 g 
receiver * in the 2 he — benny. air is e by ex- 


lauftion, the leſs r e will be oppo Are the union of the dev powers 
Nel the oppoſite * and ge _ e 8 ps 


# 


PROPOSITION. 


The leaſt cylinder, the diameter of which 
is finite, and the thickneſs evaneſcent, is to 
the leaft cylinder, the thickneſs of which | 1 
finite, and the diameter ie. in a 
e than * aſſignable a. age 


* 3 WF 
i 
> 3 


5 Ex * XXXI. 


The electric powers poſſeſſing the oppoſite 
ſurfaces of a cylindrical plate of air, whoſe 
diameter is evaneſeent, will be incomparably 
leſs refiſted-by-the interpoſed. electric, than 


by the thinneſt plate of air contained between 


two. furfaces of 4. 0 Wr N 1 


"Exp: 


G 


TI”). 
EN XXXII. 


Let a pointed bodyibe: 905 Aber 
butfdes Te charged ye ppt 3 i ob- 
ſerved that whatever be the magnitude of 
the ſurfaces or the quantity of electricity, tile 
whole will be ſilently . 1 mbar . 

ſurface be not inſulatet. | 
| There being no. refifance to the union bf the two powers "A 


—_ be no accumulation 2 of _ 
ence the diſcharge will be and roms through 2 
current formed — the point 5 — G be. IS - 
„Thus when aq electric cloud and the ſurface of the ——_ tees under 
it are charged with! cuntraty powers, they attract each other th roi | 
_Interpoſed plate of air. It is obſerved, that whatever be 1 5 
the electric powers contained jn the oppoſite ſurfaces, AS 2 is ile 
N the eloud approaches à peinted . 
e earth 
If a conical/ pointed body Wera inferted into  milati Hölle code, 8 
formed in an elettriſied ſolid, tlie ſurfaces. of the two es being . 
where equi:diftant, no greater” diſcharge of” the 'eleQricites woulT NY 
low, than if the two conical ſurfaces had been plane: ee, oa each 
ether at the fame diſtantee. £4 
In order to increaſe the force of the charge, a number of 3 plates 
-are ſometimes joined together the uſual method is, to form a communĩ · 
cation between the inſides of a number ef coated tzlaſs jars; and another 
communication between the external coating; » Jars ſo diſpoſed are called 


a battery, che effects of which are exactly Gmitar to thoſe of a ſingle plate | 


of the ſame r with whe] ON 1 E 1 the md wy of 
3 . 5 : ; 7 2 3 3 8 * 4 = 4 
| err . . TI «© > $6591 . 
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Ext r. X XXII. 


If a large 3 be diſcharged SS 
a flender piece of wire, the wire will be 


broken to pieces or melted. 


Gunpowder or ſpirits of wine will be fired, if they are a part of the 

Circuit. And if the diſcharge be made through a filver leaf confined be- 

tween two glaſs planes, the glaſs will be broken to pieces and ſtained by 

the-filver, which is driven by the force of the diſcharge, into the ſubſtance | 
of the g's, | 
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If a battery be diſcharged through a-quire 
af paper, a perforation is made through it, 
and each of the leaves is protruded hy the 
| 2 from the middle toward the outward 
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If two electric plates be charged, and a 
communication formed between the vitreous 
ide of one, and the reſinous fide of the 


bother, no diſcharge will follow; unleſs a | 


eommunication be formed between the 
other two ſurfaces, at the fame time. 
The natural electricity in the atmoſphere is frequently 


dif barged in 
ers, the ſur- 


this manner: Two clouds being electrified with oppoſite p 


. "Faces of the earth immediately under them are likewiſe electrified with 


to thoſe in the clouds above them; and the moiſture 


of earth forming a communication between the two contiguous charged 
ſurfaces, whenever the two clouds meet there will follow a diſcharge, both 
of the clouds and the ſurfaces on the earth oppoſed to them. If the earth 

mould de dry, and conſequently afford a reſiſtance to the union of the two 


electricities accumulated on its ſur face, there will follow an explefion in 


+ the earth, as well as in the atmoſphere, which will produce concuffions 


and other phanomena which kave frequently been obſerved to happen 


in dy ſeaſons, particularly in thoſe climates which are the moſt liable 
ts Rorms of thunder and lightning. 2 | 
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I a ſlender iron rod exactly ballanced, 
be ſuſpended. on a point ſo as to re- 
volve . 1 in a plane parallel to the ho- 
rizon: If the rod be touched with a 


loadſtone, one extremity of it will be always 
directed towards the north. 


That power which the loadftone communicates to iron is called Mag- 
netiſm ; a rod of iron poſſeſſed of this power is called a Magnet: Mag- 
netiſm is.communicated to iron -by magngtical rods, as well as by the 
Toad ſtone itſelf: Iron rods alſo become magnetical by frictton, by being 


kept for a long time in the ſame poſition, and by electricity, without any 
aſſiſtance from the loadſtone or magnets. The magnetical needle does 
not point exad ly to the north, but is obſerved to change it's azimuth; 
ſometimes pointing toward the caſt, and. ſometimes to the weſt of the 
meridian, The extremities. of a magnet are called Poles, A vertical 
circle in the Heavens which interſects the horizon in the points to 


which the magnetical needle, when. at reſt, rn. called - 
netice Meridian. | 


Exe. u. 


If the north pole of a magnet be 3 
at the point of ſuſpenſion of a needle, and 
drawn along towards either extremity ; that 
part of the needle which is touched by the 
g wan will be directed to the ſouth. 


3 Exe. II. 


If the ſouth pole of a magnet be PAN to 
the point of ſuſpenſion of a needle, and 
. drawn along toward either extremity ; that 
part of the needle Wan! is ne will be 
di rected to the north. * E 


H 5 5 Exe 


* 


4 [ 50 ö 1 


Exe. IV. 


Either pole of a magnet is obſerved to 
attrach 3 iron, which 1 is not magnenanl.  - | 


„ 


The north poles of two magnets regal 
each other when brought contiguous. 8 8055 


Exr. VI. 


The ſouth ER of two magnets repel 
each other when drovght IR. 


"It X P, vn. 


The contrary poles of two mute at- 
attract _ other ſtrongly. 


Exp. VIIL. 


The northern magnetiſm is 1 to 
be deſtroyed by the communication of the 
ſouthern and vice verſa. SIS 
It appears from hence, that the two ene | 
a manner as to counteract each other; that if both be communicated to 
the arm of a needle, the effect upon "the whole will be only the diffe- 


rence of the two; and will be of that fort which is the ſtrongeſt. 
Hence it is eaſy to reverſe the poles of the magnet. 


Exe. IX. . 


Let 2 needle be exactly ballanced and ſuſ- 
pended, ſo as to revolve freely in a vertical 


plane; if it t be made n when ho- 
⁊Zont al 


. ” 
riaontal, the north pole will be depreſſed, 
and the ſouth pole elevated above the 
horizon. 1 25 


E XP. X. 
The diſcharge of the electric powers 


through a needle, communicates magnetiſm 
toit, if the charge be ſufficient. 


General Properties of Magnetiſm, 

1. No ſubſtance is capable of communicating or receiving mag- 

netiſm, except the loadſtone and iron. | ES 

2, Every magnet has two poles. 
FJ. Similar poles of magnets repel each other, 

4.᷑. Either pole attracts iron not magnetical. | 
5. The contrary poles of magnets attract each other 7 2 
6. The properties of electricity and magnetiſm, are, in ſome 
k. analogous to each other. —Vide Electricity, Exp. X and 


„ QPTING 


4 > - n wo * 55 2 . F5 4 £ * ” — 
0 5 T 9 0 8. 
. | ® 
38 


bb wb Las — 4 (r © ws FIT * MRS | 


n Ez 


RY of light proceed from luminous 


bodies in 1 men and I Ron 
tions. i 


. vere Xe i i ans $i Py 
minute particles of matter, which are ſent forth dy ſome power, the cauſe 
of which'is unknown, from luminous bodies, in right lines and in alt 
directions. 

Single particles of light, ſucceeding each other in a right if; ne 
a ray of light, conſidered in a mathematical ſenſe 3 but n 8 
ing, a ray is the leaſt viſible portien of light ſeparated from 

A ray of light being turned out of its courſe. by falling-upon-a e 
ſubſſance through which it does not paſs, is ſaid to be reflected. 
The anzle contained between the incident ray, and à line drawn. per- 
pendicular to the ſurface, from the point whereon che rey falls, 1s W 
E. angle of incidence. 


| The angle contained bare * the edel rays 
is s calied the angle of re n. 


Ex. 


04%, ineident and 05 0 rays. N in 


the ſame plane, and the angles of incidence | 
and reflection are equal. 


The ray# do not impinge upon the refleting Kirk, bling: 8 lhe 
of their courſe before they arrive at it, by ſome power (which is con- 
ne 2099p . and acts in atlireQion perpendicular to it, OY 


— 


Ray s of b light . from emed 
bodies, 3 in right lines and in all directions. 


The ſurfaces of thoſe bodies w conſſt 1 
f be, reflect went in all 2 of uneren and irregular | 


A ray of light being turned out of its courſe by falling obl u 
_ the ſurface of a Ginſparent 1 which it 22 enen : 
be refracted; the angle contained between the incident ray, and = per- 
pendicvlar to the ſurface, drawn from the point whereon the ray falls, is 
called the angle of incidence ; the angle contained between the reſracted 
ray and the perpendicular above-mentioned i is called the angle of refraction. 
The difference of the angles of incidence and refraction, is the angle 


b which the ray deviates from its origin N an! 18 8 the 
_ angle of deviation. 5 
: | | Rays 


tw?) 


Rays of light are refraQted by ſame power contiguous to the refrafting 


urface. 


R ight being bent f th 
RE INC i Be A 


„Err. V3 4 


Waben a ray falls obliquely upon the ow 
face: of e medium, it is refracted to- 
wards the perpendicular; a ray, falling 

obliquely upon the ſurface of a rarer me- 
dium, and paſſing through it, is efracted 5 
from the perpendicular. _ 

. — brace 


t of its 
ohh: While a ray moves in the fame uniform eee it does not change 
its direction. 


The prineiples of ' Optics are 3 upon a ſuppoſition that 
cht is an <hamogeneal ſubſtance ; and though light will appear to be 
| compounded of ſeveral kinds of rays, yet the principles of refraftion and 
_ eeflexion, Cc. are mathemat rde wi nnen. 


KY 5 8 
Exp. V. 


When a ray of light i is refracted out of 
. air into a given medium, or out of a . 
medium into air, the fine of the anj le of 
incidence is to the ſine of the 8 0 che 
refraction in a given ratio 


If a ray of light 3 is refracted out of air into TOR the kus of es 
is to the fine of refraction as 31: 20, or as q to 2 nearly; out of air into 
water, as 4 to 3. Hence the fine of incidence by 0 the ſine of refraction, 
1575 a ray Rades our Jes water into glaſs, as 3.3 "$8 or as 93: So. 


14 4.4.4 144 $$ 2 TREAT 
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A ray of light cannot —_—_ ont et a OY 
medium into a rarer, if the angle of i inci- 8 
dence exceeds a certain limit. 


- This ff Sa is. the angle, whoſe fine i ; to radius as the fine of ice 
is to the ſine of refraction, out of the denſer medium into the rarer. 
Thus a ray of light Will not paſs out _— water into air if MAR of Co 
- exfence exceeds + 28: the fine of ,whach is 2 of radius. 


, * 
- 
_ * 


-2 
# 


1 ifs 35 it: 7 
A ny of light will not paſy out of into if if the of is- * 

af 40? Ir, 2 Cant AT per ar of 

nee n | 


Exy. VII. we = 3 : 
When 'a ray. of light is reftadted by 


paſſing out of a rarer medium into a denſer, 


if the angle of incidence be increaſed, the 


angle of deviation will alſo be increaſed. 


Let i, r, and d, the leaſt cotemporary variations of the angles 


of incidence, refraction and deviation; we have from the properzies of 


thoſe angles = and d==i—r ; but the leaſt increment of incidence 


- is to the cotemporary increment of refraction as the tangent of in- 


eidence to the tangent of reftaction; hence i is greater than r; therefore 

4 being poſitive, the angle of deviation will of courſe. increaſe while 
the angle of incidence increafes. 

The ſame reaſoning may be applied to demonſtrate, that when a tay of 
light is refracted by paſſing out of a denſer medium into a rarer, the angle 


of incidence deing increaſed, the angle of deviation will alſo be increaſed. 


A priſm is a ſolid terminated by three reflangular parallelograms and 
two equal and parallel triangles. . 
A line drawn through the priſm parallel to the interſeQtions of the 


— axis of the pril. 


ys Exe. VIII. „ : 
Wl ray of light paſſing through a denſer | 
Priſm, perpendicular to the axis, is ob- 


ſerved to be refracted towards the thicker. 


part of thepriſm. © 


The angle comained between the fides of the priſe through which 2 


may paſſes, is called the refracting angle. 


1 8 ſappoſed, i in optical experiments, that when a ray is refrattld, 
ROY eee IEP NIE tothe axis | 


Fir. IE 


If the angles of incidence in which a ray 
of light impinges upon the ſurfaces of a 
glaſs priſm be mall, the deviation of the ray 
from a original :courſe, after refraction, 


will equal about half the refracting angle. 


Nuo angles þ being diminiſhed, fe limite, may vaniſh in any given ratio, - 
"2nd their fies will vaniſfi in the (ame ratio. This is a mathematical 


* dut in practice, _— two angler be mot. ag: ws 


if they exceed not a few 1 1 of thearce and of the, fines 

are fo nearly the ſame, that as far as regards experiments depending "upon 
them, no ſenfible difference can be obſerved, whether the ratio of the 
arcs or that of the fines be aſſumed: thus if the two arcs are 8 and 4/, 
the fines are as 23271 to 11636 nearly; Which differs very little from the 

ratio of 8: 4. 

Cor. I. In genera) let I == the ente 'of incidence, R = the angle of 

refraction, out of the rarer medium into the denſer, and D = the angle 


ol deviation after the two refraQions, V = the refratting angle « of the 


V , 
i: ee eee eee X 


the ſame priſm, therefore, the angle of deviation will remain bv 7 vi 
en the angles of — wy upon the ſurfaces” (being gy ſmall) 
mould =" 
Cor. II. Ia different priſms formed of the ſame ſubſtance, the angle of 
Ad deviation D will be proportional to the refracting angles of the priſms. | 
A double convex lens is a folid contained: between two ſegments of 
ſpherical ſurfaces. © 
A line joining the centers of the ſpherical ſurfaces, is called) the azls 


of the lens. py 
Fer-, * 


There i is a point in every . convex 
lens, through which if a ray paſſes, the in- 
cident and emergent rays will be parallel, 
however the incident ray be inclined to the 
axis of the lens; this ork is 0 ke 


center of the lens. 


If tangents be drawn to the 12025 at the points of e and emer. 
| gence in any given plane, theſe tangents will be parallel. 
The lens being very thin, or if the direQionof the ray's paſſage. be not 
much inclined to the axle, the incident and emergent rays will be nearly in 


N ſtraĩt line. 
N is to be underſtood, that the Refs: priſms, &c. uſed in optical 
experiments, are are formed ef tranſparent ſubſtances which are denfer* 


than the medium through which the rays flow before they arrive at the 
tefracting ſurfaces, I * are uſually glaſs or water, 


I A ray of bt falling upon a convex 
lens is Wer by refraction towards the 
axis, unleſs the inclination of the incident 


ray to the axis be very great. 


A ray of light falling upon any curve ſurface, is refracted or reflected 
in — ab fall fallen . 2 plane ſurface which * 


th the 8885 1 4 E * 
the curve in int of incidence : e he 
* 


" whether a ray is refracted through a lens, or 8 
du touch the lens in che 8 . 


: _ Exp. XII. 


-If's a ray of hi ght falling nearly n to 
the axis be refratted through a glaſs lens, 
it will deviate the more yas its original 
direction the more remote from hs eben, | 
it falls upon the lens. 


If the fides of a priſm be conceived to touch the lens in the points 
through which the ray paſſes, the angle at the vertex of the priſm will be 
"the greater, the more remote thoſe points are from the axis of the lens 3 
and conſe: . . IX. che angle of deviation vill be the eALE! 


"Exe. XIII. 


If a ray of - Ve be refracted through | a 
medium, terminated by parallel ſurfaces, 
the incident and emergent rays are parallel. 


The ſurfaces at the points of incidence And emergence are here ſup- 


poſed parallel. 

1 portion o ay ſeparated from the reſt, us called a pencil 
ra 
Poncils of rays are uſually cylindrical | or eaten; the axis of a pencil i 1 


240 VR —_— Ry 


the ſame as the wana cone or cylinder, 


E xP. XIV. 


| Parallel! rays falling on a ens Bed. 
_ ſurface are reflected . | "wa 


E x v. NV. 
"If 1 a \ pengi] of parallel rays falls per e 


dicularly upon a ſpherical r 16 
focus of reflected rays biſects the di- 


ſtance between the en and center. 


Foci are thoſe points from which rays of lien diverges! or de which 
W converge. Ic 


\ 


A e the! ker 
Wa which terminates the ſpherical reflector, is called the azis. 
In the determination of lengths, the axis of the pencil of in- 
ident rays is ſuppoſed to paſs through the centers of the refracting or 
ing ſurfaces, and the mathematical concluſions which follow are 
only true of thoſe rays which are "contiguous to the axes; but experiment 
— Wen _ the — gen 


Exp. XVI. 


=D It die or convergin en 
85 a gte e merging the After 'of 
the focus of incident rays from the principal 
focus, half the radius of the reflector, and 
the diſtance between the principal focus and 
the focus of reflected rays, will be in conti- 
nual proportion. + 


| Suppoſe the reflector to be concave, and the rays to diverge from 
'forus, the diſtance of which from the ſurface d. 
the radius of the refleQor = 7; we have by the preceding rule, 


== the diſtance between the focus of wand 


. — — to the-quantiey la 
4 1 ” a2r>þadr—zr? dr . 
found, we have, ——+ = ——— * — fo 


This ſolution extends to M the caſes of foci formed by refleQion 
from a ſpherical ſurface, by changing the fign of r when the reflector 
is convex, and of d when the rays converge to a point, the diſtance 
of which from the ſurface is 4 _ if rays converge upon a concave 


reflector, the radius of which is inches, and focus of corive ging 
TOTO the e e be 
— Wi 45 


. 


4. 


focus, the diſtance of 


1. 5 J. 


ER P. XVI. Trp 0 
ks 3 of incident and: reflefied rays 


. 
- 1 Dr pf 


oP 3 


Mens. » 


I be facupnf incldvnt rays e 3 of the. 4 
the focus of reflected rays will move Lo ks r N. e 


foci will moet at the ſurſpavand en 


E X P. XVIII. 


Parallel rays paſſing mY one or more 
2 r . wy ava acline 0 
Emerge . ee 
Fu 5 gs wn "TE * ps eee e 


E x v. XIX 8 
The Aidkanee of the center 22 2 gliG 


| Fra from the principal focus of rays 


refracted hy it, is nearly equal to a radius 
and a balf of the ſphere. e ee 


>” In general let = the radius of the ſphere, the 8 ©." 
and refraction I and R, Nana 


| Ir 
of the ſphere = ——— 55 e 


21 : 1 
2. Parallel rays paſſin BY 2 globe 8 are „Cd . 
2 to a diameter of the 


Nr 


. If a pencil of pamllel ray 


we have the following propor Fiche 1 of 5s fines r. in- 


eidence a fe is 9 the tas x of 3 . radius of the 
ſurface to the diſtance between the ſurface and focus of refracted rays 
crefore, I and. R b as uſusl, and 7 being the radius of the 


r eee n we ba 1 "we 5 
* We VV . 


ee XX. Wan 


A pencil ob. parallel rays ang v upon a 


9 convex glaſs lens, terminated by ſur- 


faces, the radii of which are equal, is ob- 


ſeryved to 1 ao. a focus, the diſ⸗ 


tance 


© 3 S 


are always on the fame fide of the princi iat 


— 


— — th mn ue” _ 


r _ 
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* — — —— — 
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[7]. 
tance of which from the lens is nearly 


equal to the radius of either ſurface. 


" W the radii of thi erfand be unequal, abdd thi nue of incidence a4 
reſraction I and R, we have the followieg rule. ELD 
© Fibd the principal focal length after refraction from the firſt 


and it will be as the diſtance between the centers of the ſurfaces to. re 
radius of the ſecond ſurface; ſo is the difference between the princi 
focal length, before found, a4 the radius of the ett fuxface; 7 0 the f == 
_— requited. | 
SBaoppoſe the >< to be double convex; den e et 
Let the radius of the firſt ſurface = -r 
the radius of the ſecond turface'= x 


Thenthapriacipal locallengthof 1 ſurface = = Er ape we bare from 


* = 47 
che propos ee rhemtionsd, 1 big, Eren 


2 8 5 
the prineipal focal length of the lens. | 
Th's ſolution extends to the principal foeal 16 "of all "lenſes, the 
thickneſs of which is inconſiderble, the ſigns of rand e being changed 
when the ſurfaces are coheave inſtead of convex; if gither ſurface is 
. the radius which belongs to it becomes infinite, in which _ 
fire quantities added to, or e from it,” yu 5 4 


eee fol oath ee a , 
Ann . 6; the reife toe length = =. 


= pas — hh x 
Suppoſe the ſecond ſurface of A glis lens ts 'becbinie plane, e ben is 
Infants mi i e, 72 or, the HA leogth is twice. the 8 


we. Drop." NMI. a6 dl 5 
Let vey = iche be dee between 3 of 
Fe. <6 rays-and-the-center. of a. lens, r = 
the principal local length, F the diſtance be- 
- tween the focus of refracted rays and the 
lens, and we have the following er 
tion: as A= :, io is . 
I che tus radii of a glaſs lens be £ and g, it * vom theta 
Bote that the principal focal length TT: r . be ſuthei- 


""# 
ently: accurate | for, moſt L the diſtance of a 
focus of incident rays, f 


e diſtance of Cu focus of emergent rays 


from the lens, add ve have the following” propotriols, 2 22 tt 


r +2 "Te 
2dro 
x + 5 f wherefore f= e 
: Every 


ith 


Bvery thing e the focal 1 a * the = 
whicherve ulis of tho 1665 be voled to the-intident rays. 
If the lens ſhould be of any ſubſtance. in wu the fines of i WA 


Yence and refraction areas I: N. inftead of 2, we. muſt ſubſti« Ln 


. * 
R. ons 
tute the general expreſſion e and the pores vill 1 be- 7. 


EY 
__ e eee. . 


„„ J--RXr+ te Ds 5 

f== = 5 | = , which is a general ſolution for all caſes of 
— NN 

focal lengths ans, the thickneſs of the lens is invonbderable. 

Havin determined the properties relating to. the foci of fingle 

pencils of rays, we protect to conſider in what manner the com- 

| bination of the foci of ſeparate pencils forms images or e of 
the objects” from which the rays flow. - 


<0: X P. XXII. 


e foonied by reflexion 920 a plane 
ſurface, are erect, ſimilar, and equal-to-the 
objects, and are as far diſtant behind the 

ſurface | as the objects are before it, 8 | 


| E 4 P. XXIII. 3 

An object being immerſed in water, ap- 

pears nearer to the eye than it really is by 
X of its depth from the water's ſurface. 


In general if rays diverge from an object, and fall upon a re; 
fracting ſurface, obt of a denſer medium into a rarer, the diſtance 
of image will be to the diſtance of the obiect, from the 8 
ſurface, as the ſine of incidence to the line of refraction, out of. 
"the We medium into the rarer. e | * 


„ XXIV. e 

I an object be the arc of a circle, hay- 
ing the ſame center with a ſpherical re- 
flector, the image will be a ſimilar con- 
centric are; and the magnitudes of the image 
and Wat will be to each other i in the ſame 
* pro- 


T6 > 1 


proportion : as their diſtances from the cen- 
ter of the reflector. _ 


Having given r = radius of a concave reflector, d bs dif- 
_ tance of the _ from the ſurface, we have the diſtance of the 
d v 


image =— 75 and the magnitudes of the object and the image, 
2 


. 


as 2d— r Tr. 
The diſtances of the objef and image, x the center of the 
reſſe don, are in the ſame e as their difances New the 


ſurface. 
"Fx x; KRY\ 

Every wi remaining as in the laſt ex- 
periment, the image is obſerved to be in- 
verted, or erect, with reſpect to the object, 
according as they are on different, or the 
fame fide of the center of the reflector: | 


If the object is moved along the axis of the ay the 1 l 
will be moved in a e direction. | 


E x r. XXVI. 5 
An 8 ſeen by reflexion from a he- 
rical convex ſurface, appears diminiſhed. 


Tbe apparent magnitude depends on the ar ole which the i image 
ſubtends at the eye; in the preſent caſe the ĩmage being nearer to 
the center than the object, will be leſs than the object in the ſame 


proportion. 
| E xD, XXVIL 
-Troppes of plane objects, when ſeen 
reflexion from a cylindyical poliſhed e 
are not ſimilar to the objects; likewiſe plane 
objects apparently diſtorted appear, from 
the aforementioned reflex ion, 1 in their pro- 
JO . | 
E x p. XXVIII. 
If the arc of a circle, the center of which 
coincides with the center of a double con- 


\ : * 


VEX 


U 
vex lens, be conſidered as an object, the 
image will be an arc ſimilar to the object. . 
and the magnitudes of the object and image 


will be to each other, as their b per 5 
from the center of the lens. 


The properties (with regard to focal tengibY of all lenſes, the 

principes focal length of which is given, are the fame. Where 

ore, let v be the principal focal length, d the diſtance of an ob- 
ject from the lens ; then, whatever be the radii of the e 


the diſtance of the 1 image from the lens = Fre | 


Every thing elſe remaining, no difference is obſerved i in po 
focal length, eras» ſurface is oppoſed to the incident rays, 
The magnitude, poſition, and 40 ance of the image from the 
: leans remain the ſame, whatever be the figure of the aperture 
through which the rays flow. —The brightneſs of the image will 
= as. the area of the aperture- when the magnitude of the 1 mage 
ven. 
he image of a right line fend by a lens is not rectilinear, | 
but coincides with one of the conic . OED is determined 
by the- Towing coins 


Let B e the center, OF the axis and FB rhe prine pal 
focal length of a double convex lens, let OK be a right Hine drawn 
perpendicular to the axis, Waconhdered as an object. 

Draw BC=BF, at right angles to BO: Join CO and produce 
it, at the point C deſcribe the angle HCE=BCO; B and E will 
be the foci of the conic ſection which evincides with the image. 

the major axis of which = BC+CE, 


Cor I. The point F being between B and O, the ſection is an ; 
ellipſe. 


Cor. II. If O coincides with F, OCB and EC will be each 4s 


- degrees, *and/BCE a right angle, whereſoi CE will be parallel to 


BE, or E will be at an n infinite diſtance. T conic ſedtion is in 
5 this caſe a parabola. 


Cor. III. If OB is leſs thin BC, BCE will become greater than 
2 right angle, as wt” 'E will now be removed to the 
2 


oppolite 


- CY roi. ea — 
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theſe Tee follow from the principles of conic ſections ar 


* * 1 
* a oy 


ſite Gde of I, in Ach cafe the hüten will be an 


of ; of ocal ths. 


Cor. IV. 85 ppoſe OB=d, BC=p, we have likewiſe from me 
properties of conics, the 3 major of 4 
and the ſem: axis minor . 


Cor. V. The principal . of the. feRion f is always equal, 
to twice the principal focal length of the lens. | 
Cor. VI. The : mage of a very diſtant right line is a circle, the | 

radius of which is equal to the pr ncipal focal length of the lens. 
Cor. VII. Whatever be the magnitude or figure of the image 

of a right line formed by a given lens, that part of it which lies 

contiguous to the axis will always have the ſame curvature as a. 


circle, the radius of which is _ to the principal focal length of 


; the lens. 


Theſe prin-iples' are are eakly applied to images of a right line 7 


formed by e from ſpherical cl aefaces, 


FE. Re: 
Objects ſeen through a double concave. 
1 appear diminiſnec. SE 


The apparent magnitude of an dies ſeen through lenſes.of 
. 9d is determined by the angle which the image lubtende at 


The apparent magnitude of the image depends on two circum- 
ſtances: |. the real magnitude; and adly, the diſtance of the 
eye from it; from when-e we may derive an eftimation of the ag | 


e 


the lens will 


| | r ; | 
diſtance of the eye t-om the lens; then, accerding to the is pecan : 
prin-iples, the angle ſubtended by the object, when ſeen with the 
naked eye, will be to that which it appears under, when viewed 


through the lens, as 15 to = divided by e+ 752 or as 
e 
oe Fed dier. 
It is evident by inſpeetion chat the latter quantity muſt be 


ſmaller than the former; for which reaſon the object will appear 
diminiſhed, unleſs the lens be contiguous to the object or to the 


ve 


An object ſeen through a double convex. 
lens will appear magnified, if its diſtance 
from the lens be leſs than the principal 


focal lengt nm. | 


Let d = the diftance of the object from the lens; e the diſs 
tance of the eye; r the principal focal length: then the angle 
ſubtended by the object When ſeen by the naked eye, will be ts 
that under which it appears, when viewed through the lens, as 
re diu to reÞdr, the latter of winch quantities, being al- 
ways greater than the former, the object mult a pear magnifledz 
unleſs the lens be contiguous to the object or to the eye. , 
Thus if the principal focal length of a reading glaſs be 14 
inches, the diſtance of the lens from an object ſeen throogh it 4 
| Inches, and from the eye 6; the __ will appear magnihed i 

rhe proportion of rz X 6-4 X 12 to 12 X6+4 X 12—4 X6, or of 5 to & 
he ſame proportion ob:ains when the object being placed at 
a greater diftance from the lens than the principal focal length, - 
the eye is ſituated between the lens and the image wherefore, 
when d=r, thit is, when the object is placed In the principal 
focus, the angle fabtetded by it at the naked eye, wil! be tu that 


- 
- 


under which it appears when viewed through the lens, as r to 


re, ſo that the apparent magnitude of the image will bear a 
greater proportion to that of the object, the further the eye re- 
ced s from the lens. ᷑ | 3 | 
When t e image is between the eye and the lens, the propor- 
tion abovementioned will become de—er—dr to er+dr, and 
when &d is very great, as er to r. Wherefore, a very diſtant 
object, as the ſun, moon, &. will appear neither magnified nor 
diminiſhed, when ſeen through a double convex lens, if the diſ- 
tance of the eye from the lens, be equal to twice the principal 
focal length; if the diſtance of the eye be greater the object will 
appear diminiſhed, if leſs, magnified. | Et, 
The image and object will be erect or inverted, with regard ta 
each other, according as they are on the ſame or different ſides of 
the lens : hence all real images muſt be inyerted with reſpect to 
the objects. = | = 5 
Ife repreſents the principal focal length of the lens, 4 its dif- 
tance from the object, then the lineal magnitude of che image 
will be to that of the ohject as = d, or as rid=r, 
_— — 


Cor. It follows from hence, that if the object be placed at 4 
distance of twice the principal focal length from the lens, the 
image will be formed at the {ame diftance, and will be therefore 
equa] to the obj. NE ls 


A 


eye glals to that of the object glaſs, 


SY 
18 Ex Y. XXI. 
The angle under which a very diſtant 


object is ſeen, through a teleſcope. conſiſt- 
ing of two double convex lenſes, is to the 
_ angle, under which the ſame object is ſeen 
by the naked eye, as the principal focal 


length of the object glaſs is to the principal 
focal length of the eye. plays ns been 


In this ſort of teleſcope, the diſtance between the two lenſes is 


Let the diſtance of the eye from the object glaſs be e, the prin- 


. equal to the ſum of their principal focal lengths. 


_ Cipal focal length of the object glaſs = r; then, by the nete to 


Exp. XXX, the angle ſub ended by the object, when ſeen by 
the naked eye, will be to tha under which it appears through the 
teleſcope, as e—r: 1; that is, as the principal ocal length of the 


J OBE Ann 0 
A minute object, when ſeen through a 
lens of very ſmall principal focal length, 
appears magnified and diſt inct, if the ob- 


ject be placed in the principal focus. 


The angle under which the objeR appears, will be to that which 
it ſubtends when ſeen with the naked eye, as the diſtance at whien 
it is viewed by the naked eye diſtinélly, to the principal focal 
length of the lens. | | RE ; Pos! 
It the principal focal length of the lens does not exceed 
of an inch; and the diftance at which the eye can fee diſtin&il 
be about fx inches; it follows that the lens will magnity about 
goo times in diameter. © 5 
In this experiment, the rays flowing from any point in the ob- 
ject will emerge from the lens parallel, and being collected into a 
focus: upon the retina. of the eye, will render the image diſtindt: 


the uſual ſtructure of the eye is ſuch as to collect rays, wifich fall 


upon it nearly parallel, into a focus upon the retina, whereon 
the images of objects from which the rays: flow are diſtinétly 


formed. It fom-times happens that the eye, by too gt eat a degree 
of convexity, cauſes each pencil to. converge to a focus betore it 


arrives at the retina, and conſequently, the rays which flow trom 


each point of an object, are not colledted into a correfponding 
point upon the 1etina, but are diſperſed over a ſmall circle, 
hereby the object is imperfectly repreſented upon the retina, 


and 


4 th. „„ 


and the final circles above deſcribed, being Ferm c EY 
the . confuſion of viſion.— The application of a concave lens; - 


properly adjuſted to the eye, removes the focus of each pencil 
1 ay Faw the object, fo as to fall exactly upon the retina. 


A contrary defect ariſes when the eye becomes fo flat:ened as 


to co lect the rays into foci behind the retina, cauſing a confubon 
of viſion fimilar to the former. This is remedied by a convex 
lens, which aſſiſts the eye in collecting the rays, bringing the faci 
of the ſeveral pencils nearer to the object, and thus, by forming 
the image upon the retina, renders yifion diſtinct, 


As to the ſtructure of the eye (che humours of which conſtitute | 


2 compound lens) and the uſes of its various parts z anatomicat 
diſſection will convey more On? ideas than can be derived 


from POR h 
| Exp. XXXIII. 228855 
Smell objeth may be ſeen Aiftinct Sa 


magnified through a combination of two 
or more lenſes. | 3 


Theſe combinations of lenſes are ealled compound microſcopes 
of which * is a = variety of conſtructions. -- * 


a ENT. 


If a minute tranſparent object, illu⸗ 
mined by the rays of the ſun, be placed 


before a ſmall lens, at a little greater diſ- 
tance from it than the principal focus, the 
image will be deſcribed on a fereen, pro- 
perly placed, diſtinct and magnified. 


If the diſtance of the object from the lens be d, and the prin- 
cipal focal length of the lens = r, the diſtance of the ſcreen or 


4 
* from the lens will be FE and _ lineal De the 


object will be to that of the image as 4 : 12 or as drt Fs 
Upon this Propane the ſolar microſcope is conſtructed, 


EN x00 
9 ray of the ſun's light being refracted 


e a glaſs priſm, is obſerve l to be ſe- 


Parated into rays of different COlOUrE.. 
Theſe . 


* : y 
„„ 2 — K ore mrnn 
* 
1 0 * 
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| Theſe colours are red, orange, yellow, green, blue, indigo 
and viglet, and are called the priſmatic colours from the experi- 

ment. The ſeparated rays deviate unequally from the courſe of 

the incident ray, whence they are ſaid to be differently refrangible. 

The refrangibility of the rays anſwers to the order in which the , 
colours appear in the priſmatic ſpectrum, the red being the leaſt, 

and the yiolet ray the moſt refracted : either of the ſeven colours + 

ſeparated from * reſt is called an homogeneal ray, or . 


neal light. 
E x p. XXXVI. 


Homogeneal light cannot be 8 ſe= 
parated or altered, as to its colour, by re- 
fraction throughs any: number of 22285 


„r XXXVII. 
"A ray of light, paſſing through an uni- 
form medium, terminated by parallel ſur- 
faces, is not at all ſeparated into colours. 


It is always obſeryed, that when the homogeneal rays, after 
having been ſeparated from a common ray of light, are cauſed by 
ſubſequent refraction to emerge parallel, the emergent rays are 
colourleſs ; in this experiment, the homogeneal rays verge) after \ 


the ſecond refrattion parallel, 


>5E XP. XXXVIII. 


Thoſe rays which are the moſt refran - ö | 
gible are alſo the moſt reflexible. | ET 


The fine of incidence is to the ſine of refraction in the rel 
rays, paſſing out of glaſs into air, as 50; 77; wherefore, there 
| will be . from the ſurface of glaſs, when the angle of in- 


cidence exceeds 40” 29/; the fine of which is T of radius; the 
fine of incidence is to the ſine of refraction of the violet rays, as 
50:98; thole rays, Hherehore, will be roared if the angle of 
I exceeds 39 52/, the fine of which is TE 2 of radius, | 


| & 5 Pr XXXIX. 
3 - ö The homogeneal rays, being collected 


into a focus upon a ſcreen of white , 
ee colourleſs. | | : 
\ 


[ 9 1 


E xv. > dad 

if one of the bomogeneal rays bk 1 
before it reaches the ſereen, the ſpectrum 
conſiſting of the remaining mays: becomes 


coloured. LN «ai 


It appears from the precedin Experiment, that ſolar light is 
an heterogeneal ſubſtance, conſiſting of ſeven ſorts of homogeneal 
rays.—Let a ray of ſolar light be refracted out of air into any 
fe medium; the homogenea] rays will impinge upon the re- 

raQting ſurfare at a common angle of incidence, but the {ines of 
the angles in which the rays are refrafted will be different; the 
Angle contained between the red and violet rays, after refraction, 
is called the ang'e of diſſipation, and 1s the difference of the lat 
angles in which thoſe rays are refracted. 


Leet the fine of incidence be to the fine of refraftien of the rays ' 


of mean refrangibility, paſſing out of air into any medium, as 
mM: 1, of the violet rays as mim: 1, and of the red as N 1. 


The quantity m being conſtant in the ſame medium, is there · 
fore aſſumed as a meaſure of the diſperſin ng or diſſipating power. 
Thus the fine of incidence is to the fine of refraction in the rays 
of. mean refrangibility, paſing out of air into common glaſr, as 
2 15 of the red rays as IT BY and i in LW violet as Iv r, 
wherefore, putting 274 = , we have 4 I nn and 1 
79g. In the ſame manner, if the fine of incidence be to the fine 


of refradion of the rays of mean refrangibility, paſſing out of air ; 


into water, as — 1, of the red rays as f 2 1, and of the 


violet rays 0; 3 ; I, and ww be made = „ ſhall 


have w =; and m av, or the ratio of the diſperſing powers 
exiſting in the two en, whereby they ſeparate the homoge- 


neal rays, is as +55 3. 55-53 or as 81: 50. 
| Suppole that the fine of incidence is to the fine of refraQion of - 
red rays, paſſing out of air into flint glaſs, ag . 866 5.1, of the 
violet as 1.595 : 13 then the ratio of refration in the my of 


mean reſrangibility i is as 1.58 1, and if 2 21. 88, A Lg. £2 UN 
and theratio of the diſperſing powers of Nan common * will 


e eee 1 ö 255 ? 
| "Exp. DX nN | 
A ray of Told light being refracted thro 
the fides of an iſoſceles priſm of common 
glaſs, the refracting angle of e is 30, 
tt E when 


© — OSS Ps + 0 


ung. 12%. 1. 32% 


e vaniſhes, ppg or 


1 70 1 


when the rays of mean refrangibility „ 


parallel to the baſe, the angle of diſſipation 


will be about 30 


If a ray of ſolar ui : be refrafted through one furface A. 
Jet t = che tangent of refrattion of the rays of mean refrangibi- 


Hy, m : 1 the ratio of refraction of the ſame rays, n the meaſure 
of the diſſipating power; the angle of oper ge will We 1 


by en afe e de, radins deing 1. 
Thus if a folar ray e pci beck ee, at 


"i angle of incidence 20%, m being = A, or 1.5557 the . 


angle of refra tion of the rays of mean refrangibility = 12244 
$2”, and the are which meaſures the angle of Ie x 


2 =-10'.3", radius being = r. ; 
— 100 e 
If the ray Denne ſurfaces inel ned to each 


7 8 s the ſides of a priſm, let the fine of the Here angle 
| mean 
refrangibility at the firſt ſurface p, the caline of refraction at 


=a, — cofine of the angle of refraction of the rays o 


the ſe-ond ſurface S 9, then the angle of diffipation, at which 
the violet and * are inclined to each other, after the ſe- 


cond refraction, = By © Thus in the experiment * 4 


the fine of 3 1% q = coline 23%.39'.5", and | 
| the are which 3 angle of diſperſion (rad. being 1) = 


2 X line 20? 


— 8˙%, 1% * 5 8 X 
Too Reef, ba a A 397 5. FE (2 
If a ray be refracted ru furfaces, the. angle of 


in that caſe nothing. 


E x x. XIII. 1 
Let * vertex of a flint glaſs priſe, the 


3 refravting -angle of which = 23. 40“, be 


applied to the baſe of a common glaſs priſm, 


the refracting angle of which = 25% a ray 


of ſolar light will paſs direetly through che 
priſms, when their ſurfaces are contiguous, 


but the emergent ray will be coloured. 


It was formerly imagined, that a ray of ſolar light would, in 


all caſes, emerge colourleſs after refraction, if it did not deviate 
from the courſe of the incident ray, the contrary to * how- 
Ever, appears _ this experiment. 


line of the NON how 


. 


4 —ͤͤ — — — — — " 
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The ray is ſuppoſed to fall rpendieularly upon the ſurface 4 | 


: the priſm, the refracting angle of which is the greateſt. 


he poſition. of the priſms in the Experiment is ſuch, that the 
effects of refraion upon the paralleliſm of the homogeneal *: 
ently 


_ paſſing through them are cont to each other, and conſequ 


if they were equal the rays would emerge parallel: but the flint 
priſm by its greater diſfipating power more than counyzeracts the 
ſeparation of the rays cauſed by their paſſage through the firſt 
priſm, which = 38/4, and, inverting the order of the calours, 
cauſes the red and violet rays to emerge inclined to each other, at 
an angle of 12 2 which is ſufficiently great to produce a ſenſible 
tinge of the priimatie colours in the emergent rays. | 


The difficulty which chiefly impeded the improvement of te- 


leſcopes was, to refract a ray ſo, that while it ſhould deviate con- 


fiderably from its original courſe, the diſperſion of the homogeneal _ 
Trays might be counteracted, and that by this means hey might all 


emerge parallel, and of courſe free from colour, which is not by 


any means to be effected; except by the combination of tranſpa- 


rent ſubitanoes, the refracting and diſſipating powers of Which 


. w 
Every thing remaining as in the laſt Ex- 


periment, let the vertex of a common glats 


priſm, the reftacting angle of which is 


10, be applied to the baſe of the flint 
priſm ;. if a ray of ſolar light paſſes through 


the three priſms, when their ſurfaces are 
contiguous, the emergent ray will deviate 


about 9. 37 from the courſe of the incident 
ray, but will be colourleſs. * 
In this caſe the two common glaſs. priſms refraflipg the ray in 


the ſame direction, cauſe it to deviate from the courſe. of the 


incident ray about 5. 3 more than the deviation in the cent. ary 
direction, arifing from refraction through the flint priſm ;. but 


the latter, by its greater diſſipa ing power, exactly counteracts 
the ſeparation of the rays occafioved. by refraction through the 


other two priſms, ſo that the homogeneal rays emerge at length pa- 


raliel, and of courſe colourleſs. | > | | 
In this Experiment the rays of mean refrangibiliy emerge 
at an angle of refraction = 169.57 If a ſolar ray impinged - 


upon the ſurſace of the priſm. laſk opplieds at an angle ol inci- | 


dence = 169.57", the angle of diſſipation, after emergence into 
air, would be 12' 4. — It appeared from the laſt Experiment, that 


the dillipation of the rays emerging from the two priims = 1 24 


* 3. 9 tor 


1 #1 
for which reaſon (and on account of the contrary. pofition of the 
priſms) the red and violet rays emerging inclined to each other 
at an angle of 12 4 from the two priſms, and falling upon the ſur- 

face of the third, will be refracted out of it colourleſs, 


RIS I ME 8! 
If a ray of ſclar light paſſes directly 
through any two priſms, the diffipating 
powers of which are unequal, it will be 
ſeparated into the homogeneal rays. _ 


_ Although the deviations of the ray, after refraction at each 
priſm, be equal and contrary, yet one of the priſms poſſeſſing a 
greater power of diſſipating the ray than the other, the homoge- 
neal rays emerge inclined to each other, and conſequently the 
emergent ray becomes coloured. „ 
be aperture of a lens is terminated by the'circumference of a 
eircle, the center of which coincides with the axis of the lens; 
the circumference abovement:oned is always ſuppoſed to be cont!- 
guous to the lens, and conſequently its plane is perpendicular to 
the axis.—The annulus of the lens, which is more remote from 
the axis than the circumference which terminates the aperture, is 
ſuppoſed to be covered with an opake ſubſtance. If a point, or 
in practice, any ſmall luminous fituated in the axis of the 
lens, be conſidered as an object, the image which is for med by the 
rays flowing from it through the leaſt aperture, ſufficient for vition, 
is called the principal image. 2 \ 
If all the aperture be covered with an opake ſubſtance, except 
an annulus adjacent to its circumference, the image formed by 
rays paſſing through this annulus, is called the extreme image. 


8 
os A. 
k 
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If homogeneal rays flow from an object 
xg in the axis of a double convex glaſs 
lens, the extreme image of the object will 
be nearer to the lens than the principal 
image. e e Ys 
Hlenee it appears, that the rays which diverge from a given 
point in an object, are not all collected into a point in the corre - 
ſponding image, many images of the point being diffuſed over 
the ſpace contained between the principal and extreme images. — 
The diſtance between the principal and extieme images, is called 
tze ſpace of diffuſion. * 8 : 
This aberration of the rays from the geometrical focus, ariſing 
from the ſpherical figure of the reiracting ſurfaces, is one of the 
_ Cauſes of indiſtinct viſion in teleſcopes, &c. | | 


"= „ 


„ 
N 2 i 
The extreme image of an obe, formed 
by a double convex lens, is coloured and 


indiſtinct, if the proportion of diameter of 


the aperture to the principal focal length 
exceeds a certain limit. e 0 


3 


The colour and indiſtinneſs which & here obſerved in ihe exe 
treme image, ariſe from the different refran=ibility of the homo- 
geneal rays compoſing ſolar light, which emerging from the lens 
with · oo great a gegree of obliquiry, becomes ſenſihſy ſeparated in · 
to the coloured ays; theſe form many images of the ſame point, all 
of which are at d-ferent diftan-es from the lens. This aberra- 
tion cauſes an indiſtinctneſs even in the principal image, bot ia 
all the others, formed by rays flowing through the lens more re- 
mote from the axis, the in iſtinctaeſs is very much increaſed. 

The two ſorts of aberration above deſcribed are the chief impe- 
diments to the perfect. on of teleſcopes. 

The method uſed for obviating theſe difficulties will appear in 
the following 3 8 


Er. XL VII. 5 
1 object glaſs may be ates of 
three lenſes, whereof two are double con- 
vex, made of common glaſs, incloſing a 
double concave of flint glaſs, ſo that the 
extreme and- principal images of objects 
formed by it ſhall nearly coincide. 


The conrave glaſs being of greater refracting power than the 
other two, will diminiſh the angle of deviation of the extreme 
rays, more than of thoſe which are nearer to the axis; the re- 
fracted extreme rays will, therefore, 'interſe& the axis further 
from the center of the compound lens than if it had paſſed through 
a double convex lens only of the ſame principal focal length. 

I The radii of the lenſes abovementioned A be lo a that 
the 28 of diffuſion Mall vanilh, | 


E x p. XI VIII. 5 ey 

The refracting and diſſipating powers of 
the three lenſes, WH: ch conſtitute a com- 
e lenny 


. kN 3 
pound object glaſs, being given, the radii 
of the ſurfaces may be ſo adjuſted to each 
other, that the extreme, principal, and the 
intermediate images of objects 8 by it 
ſhall be diſtinct and colourleſs. J. 


15 Te — | 9 the pr " Experiments, that the fame come 


bination of lenſes, not oniy reduces the ſpace of diffuſion into an 
zaſenfible quantity, but at the ſame time refracts the extreme rays 
to the geometrical focus without ſeparating them into the primary 
colours, whereby the aberration ariſing from the different retran- 
ibility of the rays, as well as from the ſpherical figure of the lens, 
is almoft wholly removed. —Lenſes, conſtrued upon theſe prin- 
ciples, have been called perfect. | e 
A difficulty has ariſen in the conſtr i ction of perſeRt lenſes, viz. to 
determine the power of diſſipating the homogeneal rays in different 
refracting ſubſtances, which does not oblerve any law of the re- 
ſracting power, denſity, or of any quantities formed out of them. 


> oiae. 22 - 


Let a common glaſs priſm, the refrat- 
ing angle of which = 30?, be applied con- 


tiguous to a priſm of flint glaſs; the re- 


fracting angle of which = 199; let the 


vertices of the priſms be placed in oppoſite = 
directions, a ſolar ray being reſracted thro! | 


them will deviate from the courſe of the 


incident ray, but will not be ſeparated into 


" the coloured rays. _. - 


In this Experiment the angle of incidence upon the firſt ſurſace 
of the common glaſs priſm being S o, the angle of refraciion at 
which the ray emerges from the flint priſm = 169.31“ x, and the 
angle contained between the incident and emergent rays =5*.31'S, 

If a folar ray is refracted through the common glaſs priſm only, 


the angle of incidence being o, the angle of refraction at 


which the middle 1ays emerge = 50%,48'. 18", _ wherefore, the 
angle of diſſipation will be meaſured by an arc (rad. being 1) = 

' 2X fine 30? | | ; | ; þ 45 „ 2 : 
—ůůů— ( = 4. the rule in rote to Experi- 
©3200 Xcol., 507.48. 187 274 17 * 5 | e | 8 
ment XLI. * 8 


ls like manner if a ſolar ray impinges upon the flint priſm at 


. an angle of incidence = 169.3 4, it will emerge at an ang. e of 


refraction 


* 


ration = == Jos. 49. 181, 0d! it is :oferred froln kong Har the angle o 


K after ee will be meaſured. brag Os Te 
| E ne 12 i 


The a e f diflipation Cn eee, differ only a 15 which kin | 


impervepti le in experiments, the angles are, phyſically Petting; equal. 
Thus it appears that the two priſms operate equally upon the N 

of the homogeneal rays, paſſing through them in the directions abo 

ſeribed, and theſe effects by the poſition of the priſms tending to — 

each other, the homogeneal rays will emerge, after bang refracted 1 Kur 

them, parallel and colourleſs. 

As to determining the powers of diffipation and refraction exiſting i in dif- 


ferent refracting ſubſtances, the following method ſeems as eligible as _ | 


Suppoſe a ſolar ray to paſs through a priſm (the Ane un and | Garg, 
rs of which-are required) impinging perpendicularly upon the 
. dee Let the angle of diſſipation and the angle of refraction of the middle 
rays be accurately meaſured, and let a = the meaſure of the angle of diſſ- 
| patign, # = the tangent of re fraction (radius being t.) The angle of inci- 
dence upon the ſecond ſurface being the complement of the refracting angle 


of the priſm to 90, and the angle of refraction being determined as a e | 


rn 6A N enn 


It N raged via (genre termini | 
diſhpprign are mathbmatibally true, only hes: z is leſs than ang z. 


able quantity ; bur in the practical application of them to fuck 
ſubſtances as are commonly uſed in e when the an les 
refthetion” re eh They will net from xhe truth "mote ah a 
few ſeconds'sf a degree, AI OY . error r err 


e NN ws 8 
TT 
YER {abliances reflec the 8 


18 rays of light, which are of the lame 


colour with themſelves, more * 
than the other rays. 


A red fubftance held in green pe tnt 1 ut be per- 

fectly excluded, appkars gretn, though tr tg be — 

in the red rays, it appears of a very vivid red, which ſhews that 

the ſubſtance is of ſuch a natüre, as tw _ the red * * 
more e * the green. ES 


* 5 fo" 2 ( 
g * * p * ; 4 : 1 CES [- 
. Ex. LL CV 


* J * 


The Pl ets be divided into en ſes: : 


tors, en mie to the {paces occupied 
_ the c colours in the 3 h 
and 


en © 


[ 76 ] 
and let theſe ſectors be painted with the 
Primary colours, according to their proper 
order and proportion if the circle be 
turned ſwiftly in its own plane round the 


center the whole will appear nearly white. 


The artificial colours being leſs pure than the natural, the mix- 
ture of the ſeven colours in the experiment will not produce a 
rfe& whiteneſs, but will approach nearer to it, the more care 

_ rs taken to divide the circle in the true proportions, and the more 
nearly the colours made uſe of approach math which compoſe a 


ray of _ 
| ax . bb +» - 

The heat produced by collecting the 
rays of the ſun into the principal focus of 
a concave mirror or double convex lens, is 
_ obſerved to be the more intenſe the greater 
the area of the mirror or lens, and the _ 
that of he focus into which the rays are 
| collected. 


|, Theintenſity of the hene od by burning mirrors or + lenſes, 
is j to the ſquares of their diameters direcily, and 3 
ſquares of their principal focal lengths inverſely. 
Hence the intenſity of the ſun's rays, collected into the princi= | 
pal focus of a concave mirror, will be the ſame as jn the principal 
us of a double convex lens of the ſame area, the principal focal 
length of which i is one half the radius of the reflector, _ 


— En. , = - ee 
2 IY of the ſun, however condenſed, 
communicate no Hoek to an uniform me- 


dium throv gh which they pals.” 


Ex r. „ An 

If: a ray of light falls upon a glaſs "1 : 

and emerges after one reflexion and two re- 

fractions; ” the priſmatic colours will be 

moſt viſible in thoſe emergent rays, which 

arc inclined to the incident rays at an n angle 
of 170 500 . 


tn 
* 


Tue 


A ji * ö * 


The violet rays will appear moſt copiouſly at the angle men⸗ 
tioned. in the Experiment, but the red rays will appear when the 
incident and emergept rays are inclined at. an. angle of about - 

199. 25: from whence it follows, that the breadth of a rainbow,, .. 
fo med by one reflexion and two refractions through ſpheres. of 
| glaſs, would appear by obſervation = 19.3 5% 32 1 J. 

It may be ulclul to ſubjoin a few notes concerning the rainbow. 

1. The firſt rainbow is that which is moſt uſually ſeen in the : 
heavens, and is formed by one 1eflexioh and two refractions of 
the ſun's rays falling upon. drops of rain; the ſecondary rainbow 
is formed by the rays falling upon drops of rain, and emerging 
after two refractions and two reflexions. «Theſe bows are never 
ſeen but when it rains and the ſun fhines at the ſame time, the 

drops of rain and the ſun being, with regard to the ſpectators 
horizon, in oppoſite parts of the heanv ens. 7, LEN 
2. The apparent ſemi diameter of the bow is equal to the ap- 
parent altitude of the higheſt point of the bow, together with the 
altitude of the ſun's center above the horizon. 5 wy EE 
3. The apparent ſemi-diameter of the firſt rainhow is the dif- 
ference between four times the angle of refraction andtwice the an 
gle of incidence of thoſe contiguous rays which fall upon the drops 
of rain and emerge parallel after two refractions and one reſlexion; 
this angle, belonging to the red rays, is about 42%. 24; hence no 
primary rainbow can be obſerved unleſs the altitude of the ſun's 
. center above the horizon is Jeſs than 42%. 2/,—Por the ſake of 
brevity, the rays are here conſidered as flowing from the fun's cen- 
K. 8 rays, falling upon à refracting globe, emerge 
parallel after two refractions and one reflexion, when the leaſt 
mcrement of the angle of incidence is to the cotemporary incre- 
ment of the angle of refraftignasa:1 1 
5. Henee the tangent of incidence is to the tangent of refrac- 

tion as 2:1. 8 , * | 755 8 
6. To find thoſe two angles, the fines of which are in the pro- 

portion of 4: 3, and tangents as 22 11. 

Let æ and y == the coſines of incidence and refradlion reſpec- 
tively; the the ſquarès of their fines are 1—x> and 1 -, 
radius being unity, and the ſquares of their tangents will be 

1 —=x> . I —=y% 


—=, whence we have, by the conditions of the 
2 f N | R * 


1— **: 1A :: 16:9 10 8 | | 
12 1 * * — Po Rs. „ 
and 2. — : 1: 4, and joining theſe ratios 
* 8 « » * : * 2 \ ; > : 75 n * of & 5 L a 5 — * RW. 


„ Fel =Y 
and x* = , wherefore 1 . 


1 


* 


a 7 1 


94 
— — 


z whence, referring to the fitſt proportiotis » 


: 1=2:: 16:9, and multiplying extremes and means 


„ 


M os 


J 5 : ; : F 2 ane 1 
ſine of incidence * neee X* —. 


ö 3 
N : 
\ x , 
F * ; * 


9=—=433=16—: 633, whenee g 25 and y = Hebe of the 


angle of refradion; hence we determinep the angle of re- 


fraction = 1 12,11% and the angle of incidence (being that the 
fine of which is to the fine of 40% 12/.11", as 4: 3) = 59%} 23.287 
which gives us I the angle contained between the incident and 


Emergent rays, or & the ſemi- diameter of the bow =2X 46% 12); 1 


— 8923.28 = 21*of.54" 3 wherefore, the angle between the 
8 and emergent rays, or the apparent ſemi diameter of the 


bor, ſo med by the red rays, = 42%. 1. 48%, or about 42. 2. 


In the fame manner the apparent ſemi- diameter of the rainbow, 


formed by the violet rays, is found: to be about 40“. 19%, Which 
being ſubtracted from 42. 2“, leaves 19. 4 for the apparent 


beeadth of the bow. This would be the breadrh if the ſolar rave. 


flowed from the center of the ſun. only; and fince the apparent di- 


ameter of the ſun is about 32', the apparent breadth of the bow 
well be increaſed by 32', ſo that it will appear by obſervation = 
2*. 19%. ER os | e 
The following rules will extend to determines the angles of in- 
cidence and refraction of contiguous homogeneal rays, emerging 
alle} from refracting ſpheres of any kind, the number of le- 
— wichen the ſpheres. being in general = u. 

. The contiguous rays Will emerge parallel after z reflexi-ns: 


and two refractions, when the leaſt variation of the angle of in- 


cidence is to the cotemporaty: variation of the angle of refraction 
ire J TI 
2, Suppole a TI Ii as 1:7, hence the tangent of incidenet 


muſt be to the tangent of r efraction as 157 3 let the ſine of inci- 
dence be to the ſine of reſraction as 12 6, then to find the angles 
of: incidence and refraction, call their coſmes x and x, and We 


have from the conditions of the problem, 
-A: 1-2: : 1: radius being unity, 


1— 52 1—x2 3 c : : } of 
e 550 0. 1.24 Joining theis raide.. 


„„ 2 
i 


3 12 v& . a, 8 I 
| and x* =,» and I —x* = — ſubſti:uting this value of 


| 3 R 5 e 
1 in the firſt proportion, we hare n: 52, 
Whence 1 — $2=y2-=y2 #2 | 
— 52 
7 


. 1 1— : 5 . 15 | 
and * = — and y * —. = coline of refraction in ge · 
# : ' ; ; b — n : a 


— 12 


neral. The fine of re ſraction = WY —= and conſequently the 


172 the : 
The angle of incidence being determined = I, and the angle 
of refraction=R ; let p = 90, += the number of retexions - 8 


then half the angle- contained between the incident rays and 


thoſe which emerge contiguous and parallel will be 


2 


: 


1991 


ASTRONOMY. 


'$TRO NOMY i is a branch of na- 
A tural knowledge, which relates to 
| Ippeararices in the heavens and the cauſes 
of them. 


2 Plain Gro is ; that part of this ſci- 


_ ence which deſcribes the phenomena and 
their immediate cauſes only; Phyſical A- 
 ſtronomy demonſtrates the firſt. known - 

. cauſes of the phenomena. z 1 


g 3. A ſpectator viewing the heavens, conceives 4 


himſelf to be ſituated in the center of a 
ſphere, upon the concave ſurface of which 
all the heavenly bodies are diſpoſed, 


on this concave ſurface ſeveral figures are ſuppoſed to be a nes 
| ſerving only as a means of referring to any known tar with greater 
facility: theſe figures are called conſtellations, It appears, that it is of 
no conſequence (as far as regards the apparent places of the ſtars) of 
What magnitude this imaginary ſphere is, always | uppoſing the center of 
- , . it to coincide with the center of view; thus in an artificial celeſtial 
'. globe, the angular poſition of the ſtars is ſuch,” as if viewed from the 
| Emer the ſphere, would be ſimilar to that which is obſerved in the 
vens | 

It comes next in order to conſider of ſome * he the ſphere 
immediately relating to Aſtronomy. 


4. A circle, revolving round any diameter as 


an axis of motion, will generate a ſolid 
figure, which is called a ſphere. 


5. The center of the generating cirele is the 
center of the ſphere, and any right line 
paſting through the center, and termina- 

ted by the ſurface: of the re is called 


A diameter. EY as 
. Any 


1 8 1 
6. FER circle, the plane of which paſſes 
through the center of the ſphere, divides 
it into two equal parts, and is called a 
great circle, being diſtinguiſhed thereb 
from other circles, the planes; of which 
not paſſing through the center, divide 
the ſphere unequally, u are called leſſer 
circles. 


n e of en ſrmieed/'nn „ 
phere is meaſured by the arc of a great circle intercepted between them. 


7. A line drawn from the interſection of any 


two lines in a plane, and perpendicular to 
them, is perpendicular to the plane itſelf. 


| Tons any two lines in a plane, which are inclined to each other, 
being parallel to a given plane, the two planes will be parallel, 
— Alber F 
be parallel to the horizon. 


8. 4 e of a ſphere, drawn perpendi- 
cular to the plane of any great circle, is 
called the axis, and the extremities: of 
the axis are called poles of the . cir- 
eo = 
— 0s Prey pole i te cumierncs of a great cc ** diſtant 


2 8 _ 2 circles of a ſphere biſſect each other, becauſe the 
interſection is — 26 6 bark, and 
ae elk is 20 bideckeg by by its diameter. 


1 


9. Great circles paſling through. the poles 
of a great circle are called. its ſeconda- | 


Ties. 
| Any ſecondary bes ts great circle and all the lf ices parll 


30. The inclination of two planes to each 
other, is the ſame as the inclination of 
WE” ig f N 


TOY — 
two lines * trom the ſame point in 
the common interſection of the planes, 
and perpendicular to it. | 
1 1. The inclination of the planes of two 
great circles to each other, is meaſured 
dy the arc of a ſecgendary common to 
To them both, and intercepted between 
the planes. | 
| 12 The planes of ſecondaries are perpen- 
dicular to the planes of their great 
__  eircles, becauſe the inclination. of a ſe- 
:  *condary, to its great” circle 15 meaſured 
© by a quadrant. 
13. The inclination of the cdu er 
of two great circles is called a ſpherical 
| angle, and is the ſame as the e 
tion of the planes of the cireles. 


be meaſure of a ſpherical angle is, therefore, ; an gre of 


2 ſe ondary, common to both the Gent e * 80 
. cepied between mem. 


| - 14; Three arcs of a great circle, neither 

1 being greater than 1809 compoſe 4 
ſpherical triangle, in which there are 

2 bx quantities, viz. three ſides and three 

| % lee any three of which bein given, 

= the reſt may be determined by t e e rules | 

in Trigonometry. | 


As the angular poſition of objects ſeen from a given point, 

1 20d ſituated in the ſame plane, is meaſured upon the eireum- 
fe ence of a circle of any indeterminate radius, the center of 
which coincides with the center of view, in like manner the 
angvlar poſition of obiects ſituated in different planes is eſti 
ma ted, by referring them to the ſurface, of a ſphere, the 

75 - canter! 'of Which caincides with the center of view. 

In. what manner the properties of the ſphere above de- 
ſcribed are applied to the determination of the angular. poſi. 

2 e motion of the * bodies will be next conſidered. 


2 * * 7 ” * 

AS 2 „ 
i 
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cone THE APPPARENT PLACE AND MOTION 
- OF THE HEAVENLY BODIES. 


All the ſtars. appear to N daily 


in the heavens, deſcribing circles * 
planes of which are Parallel to each 


2. 


other. 


Among the circles deſcribed by the 
heavenly bodies i in their diurnal revolu- 


75 tion, there 18 one only the plane of 
bich paſſes through the ſpectator's 


center of view. — This circle 18 called 
the equator, . 1 535 


an 


# 


The eye of the obforver is ; ſuppoſed to be Seine? I 


ce center of the ſphere, upon the concave ſu face of rm 
d the heavenly bodies are diſpoſed ; ; the equator therefor 


| If ane 3 of = line continuing 
fixed, the other be always directed to a 


muſt he a great circle of the heavens. 
All other circles. deſcribed by ftars ſituated out of the 


equator, are leſſer cireles of the * D's to the wm \ \ 
and are called parallel's of W | | 


1 
e — 


ſtar revolving i in a leſſer circle, the line 


will by its motion deſcribe. the ſurface 


of a cone, the vertex of which coin- 
cides with the fixed extremity of the line 


__ abovementioned, and the circumference 
of the baſe with the leſſer circle, which 


the ſtar deſcribes parallel to the equator. 


Two points taken yo? from the equator, 


are called che poles of the = ogra or 


s pats. of the Weng. 


5. * | 


= K ory containing 5 e are called 


1 5 * 


. Secondaries to the equator are called 


"I circles of declination; of theſe, 24 


which divide the equator into equal 


r circles; ff > 


6. The declination of a tar i is its Fe ar 
diſtance from the equator; meaſured on 


a circle of Heghipation. l through 


- Thug, i in FEE middle of 3 the 5 $ . is 


78 23.28 l . ſan bs in the Eldon al ins 


7. Stars Ca to move with the leaſt: ve- 
locity which are the moſt remote from 


tion is o. 55 4 a > A Fr2 


IP * 1 * 45 * 
ot 


the equator, where the velocity of _ 


apparent motion is the greateſt. 


The apparent . ae of a ſtar i in its diurnal revolution i 18 
as the coſine of en 


2 


3 


8. The ſun and 1 ſome particular ſtars, here- 
after to be mentioned, are obſerved to 


5 


Cy 


Change their places among the fixed 


ſtars, and to perform their revolutions 


* various periodic times. 


$$ 1 
was - 


The fixed ſtars always preſerve the ſame angular diſtances 


| from each other, whereby they are diſtinguiſhed from the ſun 


and planets, which continually change their places both with 


regard to each other and the fixed ſtars. 
The proper motions which have been diſcovered in the ſtars, 
_ Arcturus, e and ſome others,” are not here con 


The ſun compleats his revolution. among 


the fixed ſtars in days, 6 hours, 


and about 9 minutes, deſeribing a great 
Circle in the — called the ecliptic. 


10. The 


3 


E 


46 The Tg is obſerved to 8 inclined! : 7 
to the a wing at an angle of about 
239 480. 5 


The . = equator, * ortat. 3 bileg | 
each other; wherefoxe the points of interſection mult be 180 
degrees diftant; theſe are called the e n ki 
reaſons hereafter to; be given 


11. The eclip tic is divided 1010 thrive 

_ .. portions, | called ſigns, each containing 
... go degrees; the firſt point of Aries co- 
incides with one of the equinoctial 

points, and the firſt of Libra rh; the 
other. 1 a \ 

113 be twelve bus are. as ne at * Gemini 
| Cancer Leo, Virgo, dun * gene ch Capri - | 


* 
cornus, Ahiarius, Pikes. On OT ge \ 


* 
— 4 OM 


The apparent mation of bodies i in > ws direction as the 
fun, appears to move among the, fixed ſtars, is called motys 
in conſequentia.z and the motion in the Contrary 8 8 
Ana in antecedentia. g 


is : 
12. The richt 858800 2 a CY is 1 mea- 
ſured by an arc of the equator, inter- 

2:0 Ge between the firſt point of Aries, 
and a circle of declination paſſing thro 
the ſtar, reckoning e to. = or- 


der of the ſigns, 8 5 ; 5 . 
2 Thus in the midd!e 128 furmer the FR $ right aſcenſion is 
* "wo degrees. | | > 


45; The longitude of a ſtar i is en by 
en are of the ecliptic, _intercepred be- 
tween 


F* 


* * wales REY Sr eee eee: e n * 3 1 — —— DA ton! 5! 
< — 0 9 P 0 TS: < Hey 2 85 
ey * 8 * = 8 2 9 
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1 1 


teen the firſt point of Aries; and a * 
condary to the ecliptic paſſing through 


the ſtar, reckoning as. to the or- 
det of the ſigns. © 


Thus in the middle of ſummer the ſun's aloud is ye 
when the ſun enters ek the hae rot ia 1800 Ks 


14- The latitude of a ſtar is. its 3 
diſtance from the ecliptic, meaſured on 


Þ a ſecondary to the ecliptic OY thro" 
the ſtar. 5 


The latitude of the "Bon, is therefore nothing. 


15. A ſecondary, common to the alli | 
and the equator, is called the ſolſtitial 
ry a ſecondary to the equator, paſs- 

through the equinoctial n is 
195 2 led the equinoctial colure. 


The inclination of the ecliptic to the equator is therefore 
meuaſured by an are of the folftitial colure intereepted between 


them, and this arc will be the * of the ſun's gant 
declination = 23%. 28. 


16. The horizon 3 is a t 1 in the 

| heavens, the plane of which is perpen- 
_ dicular to a plumb. line Hanging freely 
and at reſt. 


It is evident that the horizon with all the circles depending | 


on it are moveable; every different ſpedtator having a differ 
ent horizon, 


| The pole of the horiſon above us is called — Ry the 
. Other pole the Nadir. | 


. Secondaries to the Won are called 5 
vert circles. OTE He 


The altitude of a ſtar is meaſured by the arc of « a vertical 
circle, intercepted between the ſtar and the horizon the com« 
plement of the altitude to N is che ſtars zenith diſtance. 


3 I i - 


—_ 


So A tc. ear Mein a 


to} 


185 A ſecondary, common to the equator 
and the horizon, is called the meridian; 
the meridian, therefore, paſſes through: 


the pole of the equator and the zenith. 


Hence the meridian is a vertical circle, and the inclination 


of the equater to the horizon is meaſured by an arc of the 
Ferber intercepted between them. 


1g, The azimuth of a ſtar i is [AF ND * 
an are of the horizon, intercepted 52 
tween the meridian and a vertical circle 
which paſſes through the ſtar. 

20. A vertical circle, which cuts the me- 


ridian at right e is called the 
prime vertical. 


The interſections of the meridian and prime vertical, with- 
the horizon are called the cardinal points; or the north, eaſt, 
Veet, and ſouth; the whole horizon being divided i into 32 equal 

> forms tie mariner's Se: | | 


21. The diurnal 88 motion of the 
ſtars is from eaſt to weſt. 


When a ſtar is ſaid to move apparently from eaft to welt, 

it is meant that vertical eircle always paſſing thro: gh the 

far continually changes its azimuth, leaving the 4 ha 
ink a the Wore nes of the horizon. 


4 22. "The di len in which the ſun moves- 


in tbe ecliptic, among the fixed ſtars, is 
_ "contrary to that of his apparent diurnal 
motion. The direction of the planets. 

motion. among the fixed ſtars is moſt 
frequently obſerved to be in conſeguen- 
ti, but ſometimes in antecedentia : the 


:. planets. are pe obſerved at times to be 
25 ene. . 


K 2 5 23 Every 
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23. An arc of the. meridian, intercepted 
between the zenith and the equator, is 
called the latitude of the place. 
24. An arc of the equator, intercepted be- 
tween the meridians of two places, is 
called the difference of their longitude; 
or, if the longitude of one of them be Rh 
| referred to the meridian of the other, 
5 the arc above deſcribed is called the lon- 
Thus if the longitude of Rome be referred to the meridian of London, 
it is g93 eaſt, A 
When the center of the ſun is upon the meridian of any place, it is 
there ſaid to be noon-day ; which therefore will be at different times at 
different places; and fince the time elapſed between the ſun's leaving | 
and returning to the ſame meridian is 24 hours, during which a circle \ 
ef declination paſſing through the ſun's center will have deſcribed 360%, 
eſtimated on the equator; it follows that in one hour it will have de- 
ſcribed 155; in one minute of time, 15/; and in one ſecond of time, 
15% of a &C, Ing | 
25. The tropics are two parallels of decli- 
nation, the diſtance of which from the 
equator is equal to the ſun's greateſt de- 
_chnation. | 


The diftance of the tropics from the equator is therefore =239. 29, 


26. The arctic and antarctic circles are two © 
parallels of declination, the diſtance of 
which from the poles 1s equal to the 
diſtance of the tropics from the equa- 


tor. OF 
The arctic direle is 23%. 29/. from the north pole, and the antarQic | 


at the ſame diſtance from the ſouth, _ 


4 


[ 883 
27. The apparent time of day is meaſured 
by the angle contained between the me- 
idian of the place and a circle of de- 
clination paſſing through the ſun's cen- 
ter, allowing one hour for 156, and pro- 
Fg portionally for minutes and ſeconds of a 
degree. 
a Ae a mera (that is | 
EdD] 


in order therefore to apply the preceding 3 to practical Aſtro- 
nomy, it will be neceſſary to premiſe a few propoſitions concerning the 
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It follows that 4 ==x MY. Hence a a 7. 


ü 0 


CONCERNING bas MENSURATION or ancius. 


m4 Ir two objects appear coincident n 


the extremities of a circular arc to the 


eye of a ſpeQator, ſituated at the center 
of the circle, that are will meaſure the ob- 
ſerved angle ſubtended by the objects. 


1. Let a repreſent any are, 4 the angle ſubtended by it, 
Þ a right angle, c the circumference, and r the radius of 


the circle; we have the following proportion : 


e an ©, wherefore 4 = © 5 and fnce of is | 


| 4 4 
8 the lame in all circles, 4% will be vending to Terz: 
that is, the angle will be as the are directly, and the _—_ oe 


the cucle inverſely, 
24. Into whatever number of equal parts the circumference _ 
of a circle is divided, a right angle will be meaſured by 4 of 


them; wherefore if the circumference be divided into 366 


N of a or degrees, a right angle will be ſubtended by 90%. 
he arcs which meaſure ſmall angles are nearly equal 
to able lines, chords or tangents, the radius of the cucle 


being given: ſmall angles will therefore be nearly propor- 


tional to their fines, &c. in the ſame Circle, and in different 
circles will be as their fines directly, and the radii of the 


- circles inverſely. 


J. Small angles ſubrended by a given 'reAiliveal object. 


Which is perpendicular the axis of viſion, will be greater in 


the ſame proportion as the diffarces of the obſerver are leſs. 
3. Let AMA = 57%; 17/. 45%, or 206265 (being the angle which 
is lubtended by an arc=radius.)—Since it appeared by note 1, 


that 4%. = _ and by the properties of the circle BP = 


N 


M 
6. If „ be the fine, -_ or tangent of a ſmall angle, the 


: angle will be nearly = = —_ My. 


. If 4 r an angle of TA fince Me = = 2oka65y f it follows 


95 that A = — and an are ſubtending an angle or 107 


aw” 206265 | 
BY of racing: an arc of V therefore 
oe oh that is agg en 
60 r 


N — or — part of radios. 
200265 3437 8 3438 

By the preceding rules any two of theſe antities, vis. 
2 a circular arc, the angle ſubtended by it, and the radius of the 


| circle — en, N _ be enen : The 


i. — 
E 


& ; 8 —_——  — — „ „„ _ ———— 2 — 


4 — .. ß — 
8 © 2 ins ——ů — on a9 on IIA T2 ̃ ̃ ̃ — — 


——— — — - ug — — 4 w a 


4 8 
r 
- 
* 


* 


[90 J 


- The ares of quadrants and ſectors uſed for the menſuration of 
angles are divided into degrees, &c. and in inſtruments of a 
very large radius the diviſions are extended (by means of a no- 
nius hereafter deſcribed) to ſeconds of 'a degree. An index of 
equal curvature with the arc is applied to the extremity of 
a moveable radius, by means of which the angle ſubtended 
between two obſerved objects is determined. ET 
To the moveable radius above mentioned, a teleſcope 
is applied, having a fixed point marked in the center of the 
field; > line joining this point and the center of the object 
| laſs is called the line of collimation : this line deter mines 
* the direfttion in which an obſervation is made. | 


2. An obſerved angle will err from the 
truth, if the line of collimation be in- 
clined to the plane of the quadrant 
with which the obſervation is taken. 


Suppoſe the quadrant to be fixed in any given plant, the line 
of collimation may be confidered as the radius of a ſphere, a 
reat circle of which coincides with the arc of the quadrant. 
If the line of collimation be inclined to the plane of the 
| 8 it will, during the motion of the index, be continu- 
ally directed to a leſſer circle of the age, and therefore.cannot 
e 


determine the angular diftance of objects, which is always 


meaſured upon $grext Grcle, 5 
I is ſuppoſed that every part of the graduated arc, and the 
index contiguous to it, lies in the ſame plane, which is called 

the plane. of the quadrant, and is, perpendicular to the axis of 
motion upon which the quadrant or the index applied to it, 

moves. | 5 


3. The plane of a quadrant being verti- 
cal, if one of the radii containing the 
. right angle be horizontal, the other will 
be perpendicular to the horizon: an 


intermediate radius being directed to 
any ſtar, &c. will divide the quad- 

rant into two arcs, one of which mea- 
ſures the zenith diſtance, and the other 

| the ſtars altitude above the horizon. ,,,, 7 
| Hibough the plane of the quadrant be And coin · 


- cident with that in which the line of collimati oves, yet 
the following errors may cauſe a difference between the true 
und obſerved altitudes. v4 a 
1. If the line of collimation he not horizontal when the 
index points to o (or 90% ) "gs '$ 
2. If the diviſions of the quadrant are inaccurate. | 
3. If the divifion pointed to by the index be read of erro- 
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Trude diroRion of all theſe errors coinciding with the plane 


of the quadrant ſhould be conſidered 2 The firſt 
circumſtance whieh occurs is, that they do not neceſſarily 


combine to increaſe or 'diminiſh the obſerved altitude ; but it 


nay happen that their effects being contrary, ſhall correft, or 
or even deſtroy each other. LHR 4 
In order to form an eſtimate of the error which will proba - 


bly ariſe on this account, let us ſuppoſe, firſt that the diviſion of 


the quadrant is mathematically exact; and that the adjuſt · 
ment of the line of colimation to the point o, and the reading. 
off can be depended upon to , and to no greater accuracy.— 
It is an egen probability which of the ſeconds between == | 
au, and is equal to the error on each account; for example the 

ſum of the two errors may = be 2d'', = 24— "a — — eee 


Ke. of which combinations there are 44%, among theſe there 


K 
147 1 


are 24?, and no more, each of which exceeds 


(A being a very large number) from whence it is concluded 


that the probable error, or that which is an even chance the 
| ec WxXV/2_ 17% 


error of the obſervation does not exceed 


„ | — W. 
nearly, If 4'=60/! the probable error X bo "=abouts 50. 
AE ee] | f pg : 3 e 2 ” 

It appears likewiſe that if the error in the diviſion of the 

apr neg TR into conſideration with the other two, and 

the limit of it be ef equal magnitude with the former, viz: &', 


the error of an obſervation compounded of the three errors above 


deſcribed, may be either == 34, = i, or , Ke. 


of which combination there are 8d“, among 2 there are 44? 
and no more, each of which exceeds n Aa 
 yery large number) from whence it is inferred, that the pro- _ 

| : : | 


probable error = 42/! nearly). : 


4. Although an aſtronomical quadrant- be 8 
free from all the errors above deſeribed, if 
the plane of it ſhould be inclined to that of 


the vertical circle in which an obſerved ſtar 


1s ſituated, the altitude deduced from ob- 
ſervation-will be greater than the true al- 
titude. 9 | es 


W 


If the deviation of the quadrants's plane from that of the 


. pertical circle be an angle (incomparably ſmaller than the 


altitude) the verſed fine which = u, Jet the fine of the obſerved 
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{hey the Jiferance ofthe oberg and tewealtivacer, arifing fro 


thernclinagion of the quadrant to he vertical circle, = 5x ME. 

Cor. I. The deviation of the quadrant being given, the 
error c X MP? will be 1 whey. the altitude 245“, 
becavſethe praduct of the fine and caſine of 459 is greater than 


the product of the fine and coſine of apy other angle. 
ox. II. If the altitude be the ſame, the error in obſerving 


it will he in a duplicate ratio of the deviation of the quadrant's 


- plane from che vertical, becauſe the verſed fines of ares are in a 
| 22 ratio of the ares themſelves, when they are diminiſhed 


The obſerved altitude being a ſmall angle d, the condi- 
tion of the propoſition is altered when the error of the quadrant 
bears. a conſiderable proportion to d'. If u repreſents the 
verſed fine of the quadrant's error as before, the error in alti- 
tude will now = ud”. N oh 


If the line of collimation be inclined to 


the plane of a «quadrant otherwiſe accu- 


rately adjuſted, the altitude of a ſtar de- 
duced from an obſervation taken by it 


will be greater than the true altitude. 


If the inclination of the line of collimation to the plane of 
the quadrantbe an angle (incomparably ſmaller than the zenith 
diſtance} the-verſed ſine of which == u, let T the tangent of 


mme obſerved altitude, Me = 579. 1. 45", the difference be- 
ö 'tween the true and obſerved alꝛitudes — uT x Ms, * \ 2 hh 


will be in a duplicate ratio of the error of the line of collimation. 


Cor. II. The error of the line of collimation being given, 
the difference between the abſerved and true altitude will be as 


the tangent of he altitude. BP 
When the obſerved zenith diſtanee is ſo ſmall that the error of 
the line of collimation bears a confiderable proportion to it, let 


e = the error of the line of collimation, 4 = the ſmall zenith 


diſtance, deduced from di, the ertor in altitude now be- 
comes N da md, | | 


6. Suppole a great circle to paſs through a 


ſtar, and to interſect the horizon at any 
angle 3 if this angle and the arc of the 
great circle intercepted between the ſtar 


the horizon be taken by obſervation, the 
ſtars altitude above the horizon will be 


determined. 


1 


This 


** 


LI 


- ELLE. 57 
This indirect method of meaſuring the altitudes of objefle 
s attended with confidzcable advantages. | | 
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Let S repreſent the place of a ſtar, S & the arc of a ver- 


tical circle paſſing through the ſtar, ON, an arc of the hori- 
zon. SO the arc of a great circle paſſing 5 8 the ſtar 


and interſecting the horizon at the angle SON, According 
to the above method, the arc OS and the ange S0 Q are 
obſerved in order to find the are & . Suppoſe each of theſe 


obſervations, i. e. of OS and SON, liable to an error = 


du, then the correſponding difference in the are SA 
dx tang, SR. Ne ß ̃ĩ 
tang. OS tang. 0 e (3.0 85 
given) isthe leaſt (S Qbeinę leſs than 3zoꝰ ) or the greateſt poſſible 
(SN, being greater than 300) when the ſine of the angle O 38 a 
mean proportional between the ſine of SQ and radius; that is, 
when the arc SO is equal to the meaſure of the angle S0 2. 


In either caſe it is found that, ſuppoſing the fine of $Q = 5, 


5 4, 4% x tang. S. 4, x tang. S2, 
W tang. OS r 


vin be equal to 2d" x a : but ſince the two errors 
i er a 


_ abovementioned do not neceſſarily combine either to increaſe 


or diminifh the altitude, and may correct or even deſtroy 
each other, it appears from theſe conſiderations, and from the 
note to art 3. that the probable error, or that which it is an 


even chance, the error of the obſervation ſhall not exceed, = 
„ VF . 
4 X * 2 x Seen whereas the 
r — 


1+4/2 „ UG 


- Probable error arifing in the dire&t menſuration of the verti- 


174 


cal are 382 = which is in all caſes greater than * 


. 5 N 
FP —-.—In determining the ſmaller altitudes by the 
Yup | 


4 


indirect method, the probable error will become very inconſi- 


derable.— For inſtance, in meaſuring an altitude of 1, if the 


obſervations of OS and SO are each liable to an error, which 


may ariſe to, but not exceed 60", the probable error in the 


E 17 X60 5 | 
altitude == — X — which is no more 
| 29 r + fine 19 


than 4%. 6, whereas the probable error which would be inci. 
dent to the direct obſervation of the ſame altitude is 30”. 
5 O | 


i 


Theſe - 


Theſe; pr berg. may be ap appt to the eG of a mt. 
crometer, from the theory of Which it appears, that making 
all allowance for the unavoidable imperfections in the con- 
firuction of the inſtrument and in obſervation, the apparent 
diameter of the planets ny be determined within i”. 


7. If an arc of 159. 30“ be divided into 30 
equal parts, the arc contained between 
the firſt two correſponding diviſions 
from either extremity, will be 1, the arc 
85 between the next two diviſions will be 
2, between the next 3, and fo on, till 
the arc contained between the laſt cor- - 
reſponding diviſions 30%, or J a degree. = 


In general, if an arc or right line containing =: parts, 
each of which p, be divided ino z equal parts, tie diſtance 
between the firſt two correſponding diviſions from coincidence 


== 7 between the two next 2. and ſo on wall the d: 1888 


between the aſd = = =, or p. 


The nonius applied to aſtronomical and other infrument 
is conſtructed upon theſe principles. f 
By means of this contrivance, angles are obſerved to an ac- 
cvracy, much beyond what could be effected by actual divi- 
ſion ot the quadrant. 
Since an arc which ſubtends a bend of a degree=— 


2A R 


el 
part of radius, it is eaſy to find the length of any arc con- 
. tained between two - contiguous diyifions of a quadrant z 
| ' thus if the radius of the quadrant be 3 inches, and if the 

arc be divided into & minutes, the ſpace contained be- 


r 1 
tween two contiguous diviſions = = po GE, or —— parts 


of an inch. 206265 2292 18 
If the radius of the earth — 397 miles or 3979 X 1760 
yards, it follows that a ſecond of a degree meafured upon a 


great circle of the earth = 2 NAILS = 34 yards nearly. 


: 20626 

If ſeveral obſervations be taken 1 order to determine the 
angle ſubtended between two given objects, the reſults ot theſe 
_._ obſervations will probably differ ſomething from each other: 
It is uſual in this caſe to add the refults together, and to divide 
the ſum by the n»mber of them : the quotient is called the mean 

of the whole, and every thing elſe being the ſame, will approach 

nearer tothetruth, the greater number of obſervationsaretaken, - | 

trom which the mean is derived--thus, if p,q, and r be the reſ ults = | 


: 
ba 3 ee, the mean of the three will be ? un . 
| PRACTICAL 


1 a 


= 


Swi. INFERENCES DEDUCED FROM THE PRES 
CE DINO PRINCIPLES. 


r. Half the difference between the greateſt 
and leaſt meridian altitudes of the ſun's 
Center, taken in any given latitude, is 
equal to. the inclination of the ecliptic 


to the equator. 


- __ , © | The apparent altitude of all the heavenly bodies being | in- 
ee by refraction, is al owed for by referring to tables 
which are conſtructed for that e 0 

The obſervation of a ſtar's altitude, implies the previous de- 
termination of the horizon lis is effected two ways. 1. By 


= M N. line hanging freely and at reſt: a plane perpen- 


* 
* 


diq lar to this line muſt be horizontal. 2. By the level. 
a ſtar be obſerved by reflexion from an horizontal 
| | _ polithed ſurface, the angle ſubtended by the image and the 
| object, at the eye of the ſpectator, will be double to the ſtar's | 
ö | altitude above the horizon. 2 f 
? | In order to find the altitude of the ſun's center; two me- ES 
| 2 thods are uſed; 1. By obſerving the altitudes of the higheſt 
and loweſt points of the diſk: half the ſum will be the altitude 
of the ſun's center. +2. By obſerving the altitude of the loweſt 
. .-_ Point only, and adding 1 the ſun's appa: ent ſemidiameter, cor- 
_ reſponding to the time of obſervation, taken trol an ephe- 
meris, wherein it is previouſly calculated. 


2. The latitude of a place, is equal to the 
altitude of the pole of the equator above 


the horizon. 5 


1. The diſtance between the neun and the 1 is 
equal to the diſtance between the pole and the equator, each 
of chem being 902: take away the diſtance of the zenith from 
(. ttuthe pole, which is common to both, and there remains the diſ- 
8 tance of the pole from the horizon, equal to the diftance of 
the zenith from the equator, or the latitude of the place. 
22. The diſtance of the zenith from the pole, i eee to 
the complement of the latitude to go? . 
3. Hence is derived the menſuration of the cmd” s Cir- 
| ED cumference. It appears by experiment, to an obſerver, who _ . 
| | bo | "Proceeds directly on the merid:an 69.3 miles in the latitude 
| of. 5, that the difference of the pole's altitudes is 1. From 
| | whence it is inferred, fuppoling the earth to be perfectly 
| ſpherical, that an arc of one degree. on the earth's ſurface = 
59.3 miles, and conſequently that the earth's cifcumference 
| == 69.3X 360 = 24948, and the diameter'= 7941 miles. 
a | The ſperoidical figure of the earth, cauſes a ſmall difference 5 


| in the length of a degree, when meaſured on a great giccle 
l „ the earth in different latitudes. 
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3. If the greateſt and leaſt altitudes 1 * 
circumpolar ſtar be determined by ob- 
ſervation, half the ſum will be the la- : 


titude of the place. 


The ſtar uſually called the pole ſtar, is not e the 
pole of the equator, the above method is therefore (among 
12 made uſe of in order to determine the true altitude of 
the po ©, 


4. The inclination of the equator to the 
horizon, is equal to the mn pri of 


the latitude to go". 


The diftance of the zenith from the horizon = 99. * is 
meridian diftance of the zenith from the e 5 _ 
the latitude :- the arc of the meridian therefore intercep ed 
between the equator and the horizon muſt be the comple- 
ment of the latitude to 900. This arc meaſures the inelina- 
tion of the equator to the horizon, becauſe the meridian i is- 
a ſecondary common to both thoſe circles. 


5. If equal altitudes of a ſtar be taken on 
different fides of the meridian, the 
time elapſed between the obſervations- 
being biſſected, will give the inſtant 


when the ſtar was on the meridian. 


From hence is derived the uſual method of determining ; 
the meridian by means of a tranfit teleſco * 
adjuſted to the zenith) and a well regulated cloc : 

If the inſtant of the ſtar's tranſit obſerved in th teleſcope, 
does not biſſect the time elapſed between the obfervations of 
the equal altitudes, the poſition of the tranſit muſt be corrected. 

The poſition of the meridian teleſcope, previouſly 
_ adjuſted to the zenith, may be verified by obſerving the 
the tranſits of a circumpolar ſtar, paſſing above and below 


the pole: if bee between the tranſits be not ex- 


Fe. - 


actly r1þ. 58m being half of the time in which a fixed 
ſtar compleats its durnal revolution, the line of covimation 
does not move in the plane of the meridian. 


6. The declination of a ſtar, is the f 


ference of the ſtar's ration zenith 
| diſtance, and the latitude of the place. . 
The latitude of a place being known, the declinations of 


the ſtars are determined from the. men of ther meri- 
dian * ee , 


8 The 


} 


: 7. 


o 
A 


EE 
The difference in right aſcenſion of two 
ſtars eſtimated in time, is equal to the 


time elapſed between their tranſits over 


3 


a given meridian. _. 


Prom hence we may verify, the pohrion of a tranſit teleſeope, 2 
7 


or aſtronomieal quadrant,previouſly adjuſted to the zenith, i.e. 
we may aſcertain whether the line of collimation moves in the 
plane of the meridian, by obſerving the tranſits of twoſtars, the 


declinations of which are conſiderably different: if the time 


elapſed between the tranſits be equal to the difference of the 


ſtars right aſcenſions, the line of collimation moves in the 
plane of the meridian, if not, a correction is neceſſary. 


% 


* 


This is the method uſed by the Rev. Mr. Maſkelyne, in 
his expe:imevt upon the attraction of the mountain Sche- 


_ - hallien, deſcribed in the Phil. Tranſact. for 1776. 


The declination of any ſtar, and the inclination of 
the ecliptic to the equator being given, the right aſcenſion is 


determined by the ſolution of a right angled triangle. 


The right aſeenſions of the reſt of the ſtars are found by 


| . the obſervation of their tranſits over the meridian. 


8. 


The latitude of a place is equal to the 


ſun's meridian zenith diſtance + the 
| declination in ſummer, and — the de- 


.. clination in winter. 


> 


Hence is deduced the uſual method of determining the 


„ latitude: of 3 place, by 3 the ſun's meridian 


... 2hitude r ao. . The 


un's altitude or zenith 


 . diftance being accurately meaſured, the latitude will be 
dieduced very near the truth. For if the ſun's place 


in the ec'iptic. be compated true within 20”, the error of 


the declination cannot exceed 30 : but will never be ſo muclt 


except in the extreme caſe, when the error of the ſun's 


| longitude is the greateſt poffible, viz. 20% andthe fun ie near 


either of the equinoctial points; we may conclude-in general, 


that the computation of the ſun's declination does not err 


more than 2, or 3 from the truth. The meridian altitude 


and declination of a celeſtial object being determined, and 


proper allowance being made for the effects of refraction, &c. 


e Auguſt the 7th, 1776. . GO 


the latitude of a place may be determined, as will appear in 
ti e following example, of an obſervation taken at Cambiidge, 
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3 Apparent meridian Altitude of the ſun's lower 


% 


hn 


/ " ot : 1 f 


4 
* 


limb — — = 532 46“ 85 


| Sun's apparent ſemidiameter 7 — - o?, 15/. 50 


— 


Apparent altitude of the ſun's center = = - 54% 1 58% 


Subtract on account of refraction CRP 
Altitude of the ſun's center = = VTV 
Zenith diſtan e of the ſun's center 3359. 6/. 43” 


Add the ſun's declivation' = = 16. 13% 57% 


* 


The latitude of Cambridge =: „ » 04%. l 40 


When the utmoſt accuracy is required, the effects of 
dhe temperature and weight of the atmoſphere, and the 


ſun's parallax moſt be taken into the computation ; but the 


variations in the obſerved altitude produced from theſe cauſes 
are too minute to be here particularly confidered. 


The latitude of a place, and declina- 
tion of the ſun being given, the appa- 


rent time may be determined, from an 
obſervation of the ſun's altitude. 


The diſtance of the zenith from the pole, the complement 


3, of the ſun's declination to go o and the ſun's zenith diſtance, are 


the ſides of a ſpherical triangle, one of the angles of whic 


. Is that contained between the meridian and declination circle 
paſling through the ſun's center, and is the meaſure of the ap- 


parent time, which is therefore determined by the ſolution 


ol the triangle. 


This is the method of finding apparent time, uſually prac- 


tiſed at ſea the ſame problem may be effected by obſerving the 


altitude of a known fixed ſtar, with very little variation in the 


tation: but in each caſe, ſince it is impoſſible to meaſure 


_ altitudes above the horizon abſolutely free f.om error, the 


obſervation! muſt be taken in ſuch a manner, that a given 


variation in the obſerved altitude will cauſe the leaſt poiſible 
variation in the time deduced: which is done by taking the 


altitude of the ſun or ſtar when on the prime vertical. —Let a= 
the given variation of a ſtar's altitude, 5 = the correſponding 3 
variatioh of the hour angle, then we ſhall have þ = a x 


| Tot latitude x fine mat 


| radius 2 


Therefore, ſince ata given place 


rad, *_ is. conſtant, and a being by: the foppofition in- 


col. lat, 


variable; h, or the variation of the qa ale deduced from ob- 


ſervation will be proportional to which quan- 


hne razr 
_ tity is the⸗leaſt when the azimuth = 90, or when the fon 


or ftar is ſituated cn the prime vertical. Cor. I. 


* 


— 


— 


— 


| 


—— 


* 


1 1 855 
Cor. I. It appears from henee that (every thing elſe being 
the ſame) it is of no conſequence to the accuracy of the time 
deduced, at what altitude a ſtar is obſerved upon the prime 
vertical. 5 8 | : 
Cor. II. In the latitude of 5$29.12/.40", an error of 1 in | 
obſerving the altitude of a ſtar upon the prime vertical cauſes +, 
3 | 


— 
. — —àüÄ—— 1 


FE = 97.9 = ſix ſeconds and a . 
an error of r eee 97 +2. leconds ANG „ 


half in the time deduced. * | RT 

If the obſervation be taken on any other vertical, the error 

in altitude being the ſame, the error in time before found 

f ( ſeconds) will be increaled in the ratio of the fine of the 
ſtars azimuth'to radius. GEN p 


— 


* 10. If che difference of the apparent time of 
| day at any two places be known, (at the 
| - ame inſtant) their difference of longi- 


tude will be known. 
One of the methods uſed for determining the difference of 7 
- Jongirude, is by two perſons obſerving an eclipſe of the ſup, „ 
one of Jupiter's ſatellites, &c. or the occuitation of a fixed ſtar | | 
by the moon, If either of theſe phenomena happened at 
different apparent times to the two obſervers, the diff-rence 
of theſe times (allowing for the effects o parallax, if neceffary) 
Will give the difference of longitude require l. This method 
can be practiſed only on land. The following methods are 
uſed at ſea: a watch well regula ed to time at a given place, 
being carried to ſea eaſtward or weſtward, will ſhew ap- 
parent time (by means of adding or ſubtradiing the equation) 
different from that which is deduced from obſervation of the 
ſun or ftars. This difference of time is eaſily converted 
into the diffe ence of longitude required,---The difference of 
_ longitude is now uſually determined at fea by obſervi g the 
angle ſubtended by the moon's center and a fixed ftar, not 
| very diifant from the moon's obit. MG Of 
„ | The moon's diſtances fram ſeveral of the fixed ſtars, andthe 
. a times cori eſponding, are calculated in the NauticalEphemeris 
for the meridian of Greenwich; hence by obſerving the diſtance 
: of the moon from a fixed ſtar, the time at Gieeawich may 
be determined, and the time at the place of obſervation being 
kngwn, the difference converted into degrees and minutes, 
wil give the longitude from Greenwich. 
But it is here neceſſacy to obtain the true diſtance of the 
moon from the ſtar, free from the effects of parallax and re- 
| fration, which altering the apparent alt;tudes of the ſtar and 
1 | moon, cauſes a variation in their apparent diſtance, The 
| apparent a'titudes of he moon's center and a ſtar, with their 
apparent diftance from each other being given by obſervation, 
| ve obtain the true difference of theic azimuths, Which is not 
| aàffecied by refraction or parallax. Thie apparent zenith diſtances 
| | ? 4 | | | N 
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. ef dhe moon and ſtar being known, their elevations ariſir g from 


refraetion, as well as the depreſſion of the moon's center cauſed 
by parallax, will be known from the tables, from whence we 
derive their true zenith diſtances :_ and the difference of the 
azimuths being previouſly determined, the ſolution of a 
ſperical triangle, gives the true diftance of the moon's center 
trom the ſtar.--- This method of aſcertaining the longitude at 
ſea, was firſt brought into uſe by the Rev. Mr. Miſkelyne. 


11. In a given latitude no ſtar will ſet be- 


low the horizon, the polar diſtance of 
which is leſs than the latitude of the 5 
lace. 


12. In latitudes leſs than about 66⁰ 12%» 


the ſun's center can never be totally - 
above or below the horizon during 24 
hours. 


13. When the fun's Jerdination 3 is greater 


than the diſtance of the zenith from the 


pole, the ſun's center will not ſet be- 
low the horizon, or will not riſe above 


it, according as the declination is of the 


fame, or a contrary denen to the 


latitude. 


14. 


In this and the preceding article, the effects of geladen 
are not conſidered. ; 


If an obſerver be ſituated under the 
equator, the plane of his horizon is per- 
pendicular to the plane of the equator 


and parallels of declination. 
The Sphere of the heavens, in this poſition, with regard to 


the ſpectator's horizon, is denominated a right ſphere. —T he 


* 


"equator, and all the parallels of declination in a right 
ſphere, are biſſected by the horizon; therefore the ſun and all 
the ſtars are above the horizon during one half of their di- 
urnal revolution. 

The poles of the world in a right ſphere coincide with the 
horizon. 


15. If an obſerver be ſituated at either 


pole, his horizon is coincident with the 
equator, and the parallels of declination | 
are parallels to the horizon. 


t. tor Þ 
The ſphere bre Resdehe in this . reſpecting the 
8 horizon, is called a parallel ſphere, The ſun, — 
a above the horizon, appears to revove in a leſſer circe, paral - 
lel to the horizon, and at an n above it ;oqual, to his 


: declination. 


| 16. In all other poſi itions of the fo hete of 
+ - the heavens, except thoſe Jeferibed, the 
horizon is inclined to the equator and its 
' parallels. at ſome angle leſs. than go 
in this cafe, the poſition of the ke ads 
18 faid to be oblique, 


If a tangent be drawn to the carter! the ſun and 
earth, in the ſame plane with the line j Joining their rr 
Aa cirele deſcribed through the point of contact at theearth's - 
ſurface, the plane of it being perpendicular to the ahovet- 
mentioned line, will be the circle which terminates light 
7 "and darkneſs. _ 
he plane of this circle nearly, though not exactly, 
"paſſes through the earth's center: it may be conſidered as 
u great cifele, except when the utmoſt ac curacy is 
ui 


17. When the ſun is in either of the equi- 
noctial points, the circle bounding light 
and darkneſs coincides with the'poles 
of the world, and conſequently biſfects 


all the parallels to the equator. . 

Hence it follows: that, when the ſun is is in either sf the 
N points, the days and nights. in all parts of the 
world will be equal. 


1 75 When the ſun's declination is north, 
che circle. terminating light and dark- 
neſs divides the northern parallels of 
latitude unequally, thoſe parts being 
the greateſt Which lie Vin the ſaid 

. Wirte. 

„ e the days will be e 3 1 aide to as 


; :nhahitants of the northern 2 8 5 ot latitude, when the 
 " faw's declination is north. 


19. When the fan's” declination is ſouth, 


"Mm circle terminatin 8 2 and dark- 
r 20. 
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neſs divides the northern parallels of 
latitude unequally, that part of them 
dere the greateſt, which lies 2 


the circle of illumination. 

Hence it is, that the nights are longer than the Sis, 
to the inhabitants of the northern Parallels, when che fun ; 
i auth of the equator. Ee | 


20. When the ſun's e eee is greater 


than the complement of latitude to 90“, 

the parallel of latitude paſſing through 
the place, will fall either entirely 
Within, or entirely without the circls 


of illumination. 


> 
3 


8 


The ſun's center will therefore appear ak bi entirely 
above or below the horizon to the inhabitants of that 
rallel, according as the declination is of the ſame, or of 
& contraty detiomination to the latitude of the place. 


on DIALLING, AND: CONCERNING THE USE or 
THE EQUATORIAL INSTRUMENT. | 

If rays of light proceeding from the 

fun s center ſhine upon a nahe line pa- 

rallel to the earth s axis, the ſhadow of 

the line will be in the ſame plane with 

the circle of declination, which paſſes 


through the center of the ſun. 


The 4 5 of any line is a plane which paſſes through 


; the line, and through the ſun's center: the ſh 2 


in the propoſition, Sill cut the horizon, or any other great 


circle given in poſition, in the ſame right line, at a given 
time of the day, whatever be the ſun's declination, 


bo If a line be applied to the center of a 


circle, the plane of which is given in 
poſition, and this line be adj uſted pa- 


rallel to the earth's axis, the inclination 
4 of the line's ſhadow to the plane of the 


* ian, is the meaſure of the apparent 
| time 


—_— be applied to 


time of days Mowing 0 one e hour tor | 
S Ke &c.. £74.25 ; FR ou dy £6 SS * 
| 3 hence it follows, that, 1 0 eirele he” = 54 | 
projected ow any plane gi iven in poſition, and a line 
e plane, at hats common'in jon, pa- 
rallel to the earth's axis, the ſhadow of the line will deter- 
mine the apparent time of the day. 
Let the axis of a ſphere, upon which 
"+ tha circles" of declination are deſcribed, 
be directed to the pole of the heayens. 
The | ſphere being biſſected by the 
* 2 of a "7 8 great Spree, the ſection 
a 


will be a dial, of which” the axis of the 


pt is called the ftyle. 


The interfedtion of the dial with the „ is marked | 


II. che interſection of the adjacent hour circle, inclined to 
the meridian, at an angle of 159 is marked I. and fo on; 
te intermediate times being marked at the interſections of 


the correſponding circles of declination, with the plane of 


the dial. Since, when the hour angle is the ſame, the ſection 


of the ſtyle's ſhadow is the ſame, whatever be the ſun's 
. _ declination; it follows, that whenever the fun ſhines 
upon the ſtyle, the time of the r nog, |—ae the «pos to 


. alwa 2 interſect the dial in the fame right line: thi 
ore will determine the apparent time. 
1 dial is called vertical, horizontal, wanget a6] &c. ac- 


cording as the plane of it coincides with of a ae 


circle, the horizon or equator in the heavens. 


The equatorial inſtrument conſiſts 


. & 3 circles, the planes of which may 
de ſo adjuſted as to coincide with the 


planes of the horizon, equator, and 


any given circle of r in the 
heavens reſpectively. 3 


A teleſcope is applied to the declination circle, to the 


plane of which the line of collimation is parallel. 


The moſt common. uſes to which the equatorial inſtru- 


; ee is applied, are as follow ; 


To determine the poſition of the meridian by a ſingle 


7 Ne 


2. To find the apparent time of the day. 
3. To Greft the ee to ** 2000 in Bs 2 


„ 9 


[ 104 J 
the right aſcenſion and declination of which are Low, 


5 -In — to effect theſe problems, the inſtrument muſt be 
firſt rectifled td the latitude of the place. 


1s Let the equatorial circle be inclined to 
the hoxizon, at an angle = to the com- 
plement of the latitude to 90. — 
"THE" inſtrument i is adjuſted to the lati- 


tude. 


For che inclination of the equator in as Wedel, to the 
5 is equal to the complement of the latitude, to 90. 


6. In order to determine the meridian, the 
. declination circle muſt be ſet to the de- 
- clination of a known ſtar.- —[If the ſtar be 
brought into the centre of the field, by 
means of the equatorial and azimuth 
circles, the plane of the equatorial cir- 
cle will coincide with that of the equa- 

tor in the heavens, (ſetting alide the 

6; effects of refraction.) 


- Hence the plane of a ſecondary to the FARES 184 azi- 
* muth circles will coincide with the plane of the meridian; 
to which the line of collimation will 
3 index points to XII. 


The inſtrument being adjuſted to the 
= 7 latitude, let the eigen circle be 
ſet to the ſun's declination, correſpond- 
ing to the time of obſervation:—if 
the line of collimation be directed to the 

- /; ſun's center, by moving the equatorial 

and azimuth circles in their own planes, 
the arc of the equatorial circle inter- 
cepted between XII. and the point to 
vhich thè index is directed, will deter- 
mine the apparent time of the day. 


#- 


be directed, when the — 


In this cafe the equatorial circle becomes a dial, the 


3 Arb of which is perpendicular to the ſtyle, or, as it is 
Aʒuſually called, an squatorial dial. It is to be obſeryed, that, 
in both the recedin articles, the opparent elevation bf the 
be celeſtial $i jects, or their true places, ariſing from re- 
_ + fraction, will cauſe the poſition of the meridian; and the 


time deduced from obſervation, with the 'eQuatorial teleſ. 
cope, 


| 1s] 


cope, to deviate ſomething from the truth.—Theſe errors 
8 the hour angle and azimuth may be eſtimated thus. 


; 0 th Let r repreſent the apparent elevation of the ſtar, or ſun's 
Center, cauſed by refraction: s, the angle contained between a 
vertical eirele and a circle of declination, paſſing through the 

- ſtar—then the variation of the hour angle, cauſed by the ap- 


r oP 
| parenteleration of the 8 7 at fn. imd and the 


F 
ar 


Y LEE) „ Cotang. 8. 
_ cotem ET 
cotemporary variation in the azimnth= "ne Mars zenath Gilt 


Since by the properties of the equatorial inſtrument, 2 
ee the plane of the declination circle will always 
vertical when the equatorial index points to XII. it fo "ras 
© © that, the poſition of the meridian Bund! in art. 6, will be 
corrected by moving the azimuth circle, 1 in a direction con- 


tx Cot. s. 
| | wary to the ſun's azimuth, through an arc. 8 


Tt may heinferred from hence, that in the latitude 52 

12/ 40% refraction will cauſe no error in the poſitionof the 

- meridian, determined as in art. 6, when the obſerved 
ſtar's declination and altitude = 629. 45.” 


8. Let the inſtrument be adjuſted to the 
latitude and the GA if the de- 
clination circle be ſet to the declination 
of any ſtar, &c. and the equatorial 
| Circle be moved in its own plane, the 
line of collimation will be always di- 
rected to the ſame parallel of declina- 
tion, as the ſtar nn in its diurnal 


Terdlut ion; 
Hence it follows, that if ths. right . 0 de 


clinatiou of any ſtar be given, the line of collimation 
of the equatorial. teleſcope. may be directed to it; by 
which means Jupiter, Venus, and the fixed ſtars of the 
_ firſt magnitude, may be obſerved in the day time. 


The altitude of a celeſtial object 
above the horizon may be meaſured 
on the declination circle of the 0 
rial inſtrument. 


When the equatorial index points toxlI. the plane: of the 
| declination circle paſſes through the zenith, the line of col- 
Imation 9 eing W e and ae 


A — 


* r | 
— — An — — „%% -= dy. > — 
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| 
j 
f 
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direction to a ſtar, by moving the declination and azimuth 

\ ____ Eircles in their own planes; the index of the declination 
ceeircle will determine the arc of the vertical circle, inter- 

cCoepted between the ſtar and the horizon, © * | 


10. The altitude of a celeſtial object 

may be determined, by meaſuring 

the arc of a great circle, intercepted 

_.,. the inclination of the ſame great circle 
to the horizon. | ee 


. deſenibed in page g2, art, 6, nd may 
be put in practice by means of the equatorial inſttu- 
ment thus.—Let jg of the eſtimated altitude of 
the object, be s: elevate the equatorial circle. ; above 
the horizon, to an angle, the fine of which =,/s, rad. 

| being = 1, — The declination circle being ſet to o, 
ditect the line of collimation to the ftar, by the 
___» equatorial and azimuth circles, moved in their own 
planes; obſerve the arc of the equatorial circle, inter- 
cCepted between the index and VI. if the fine of this arc 
p. the fine of the obſerved altitude will be equal to 

I 7. Suppoſe Q to repreſent the zenith, (vid. 
fig. in note to art. 6. p. 93.) s the 
plwGKwVace of a ſtar, as and Q o the ares of 

two vertical circles; s o, a great circle 
paffing through the ſtar, and equal 
to Q. —-If the arc Qo and the angle 
s o d be determined by obſervation; the 
enith diſtance s will be known. 

This method of determining zenith diſtances is fimilar 
to the indire& menſuration of altitudes before deſcribed, 
and is capable of great accuracy, when the are to be mea- 

__ Fuxed is ſmall, eſpecially ſince the line of collimation by 
the conſtruction of the equatorial inſtrument, may be ac- 

- _ | .curately aGuſted to the zenith. | þ : 
The equatorial inſtrument may be applied to this method 
by means of the following rules let the ſine of the eſtimated 
Zenith diſtance s: find an angle, the fine of which /s. 
radius being 1. Elevate the equatorial circle above the 
\.. - Horizon, to an angle, the fine of which s; and ſet the 
dieclination circle to the complement of the ſame angle, to 
99. — By means of the equatorial and azimuth circles 
moved in their own planes direct the line of collimation — 


7 1 


index and XII. the fine of half this arc; multiplied into 
As, (rad: being = 1) will be the fine berkas. ts — 
diſtance required. | 


ws PARA LLAx, AND THE' = DETERMINATION OF i in Ac- 


 CESSIBLE DIST ANS... 


Let a line be aun perp er 
to the diſtance between an adjacent 
object and any given ſtation, the ap- 


parent places of the object, when 


N From the extremities. of che mw” 


+. The pl ee line above deſeribed, is led a2 


2. The extremities of the baſe, are called its. | 


3. The angle ſubtended by the — the baſe at 
5 1 object is called the angle of 


4. The baſe is to the leſſer of the two diflances of the ob je 
from the extremities of the baſe, as the tangent of paral- 


lax to radius ; and to the greater, — fine of the ſame | 
- angle to radius. 


. Suppoſe lines to. be drawn from the 
two ſtations to an object, one of the 
angles contained by theſe lines, and 
the baſe being a right angle, the other 

136 Heeo * e 


Hencez if the angles at the ſtations W 2 
| baſe be known, the parallax, and conſequently the a pre 
of the object, may be determined. 


If the diſtance of an object be greater 

1 100000 times the . the angles 
at the e K. will not ſenfibly differ 
from two right ones, the lines drawn 
from the ject to the ſtations are 


5 phyſically ly ſpeaking, paral — 


One of the angles at Ve N 
ory Ry ed.to ieee 3 
n bd. : p ED * | 1 The 


* - 
_—— 


{ 
i 
i 

| 
7 
I 
| 

: 
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The FO accurate inſtruments conſtructed for the mens 


ſutation of angles, cannot be depended upon, to leſs than 
2” the tangent of which is to radius as 1 to 103132. 


That angle whoſe tangent is to radius as 1 to 100000, 
is 2.06, or little more than two ſeconds. 


. The: parallax of an object which 18 
above 100000 times more diſtant 


-..:. than err the two ſtations of ob- | 


. 7 


| n ſervation, is inſenſible. 


If the object be at a greater diſtance from either ſtation, 
than 100000 times the baſe, the angle at one of the ſtations 


E being 90, the angle at the other will be more than 89 597 7 


574.9; the difference of which angle and go being ſcarcely 


more than 27, is too ſmall to become ſenſible by obſervation. 


5. If the parallax of an object (obſerved with 


an: inftrument- ſufficiently accurate to 


meaſure an angle of 2“) be inſenſible, 
the diſtance of it from either ſtation, 
Cannot be leſs than 100000 times the 


baſe, from the extremities of en E 


1s obſerved. 
It is to be remarked, that, although 5 diſtnc of the 


© ebjet cannot be leſs than Tooooo fimes the baſe, yet it 
may be greater, in any aſſignable ratio. | A. 
: object, 


Lines drawn from any given points in a baſe, toan 
may be eſteemed in practice parallel, without ſenſible error, 
an the diſtance of the object is more than 100090 tumes the 

ſe. 

Rays diverging from ain of the ſun” RY OR upon 


the — of the earth, may be eſteemed parallel, if their 


diſtance from each other exceed not about 1000 miles, at the 


. earth's ſurface: becauſe 1000 miles is to the earth's diſtance 


frotn the ſun, in proportion of little more than x tox00000. 

In the ſame manner, plumb lines hanging freely and ar 
reſt, not being diſtant more than about 68 ons from each 
other, may be accounted parallel. 

Rays diverging from a fixed ſtar, to an parts of the 
eartli*s orbit, are, phyſically ſpeaking, 1 becauſe the 
parallax of the earth's oibit, ſeen at the ſtar, is Teſs than 2". 

Two planes drawn parallel to each other, and paſſing 
1 the extremities of a diameter of the earth's orbit, 
if produced, wilt appear to coincide with the fa reat cir- 
: hs of the Ni the diameter of the earth's orbit 
When ſeen from the fixed ſtar, ſubtends 2 eleß than 
2.— In like manner, if a plane, 22 ugh the 
earth's center, be parallel to a plane drawn to the ſurface, 
theſe planes, when produced, apparently coincide with the 


mme great circle in the heavens, 


Us 


or THE SOLAR SYSTEM, = 


ME ſolar ſyſtem conſiſts of the "Jus | 
and the Planets, and Comets re- 
vebing about it. 


2. There are ſix primary planets; viz. | Merc 
cury, Venus, the Earth, Mars, Jupiter, and 
Saturn, all of which revolve according to 


the order of the ſigns 1 in-nearly circular * - 


_ orbits round the Sun as a center. 


The apparent annual revolution of the Sun in the ecliptic ariſes tans 
the real motion of the Earth in its orbit; Venus and Mercury revolve in 
F orbits which are contained within that of the earth, and are called infe- 
rior planets ; Mars, Jupiter, and Saturn, which revolve in orbits exterior 
to the earth's orbit, are called ſuperior planets, 


The orbits of the planets are ou tical, but the incipal Phe- 
nomena which £ gli che ph the truth of 5 he Copernican Hlem, are the 
Same, whecher the orbits are confidered as elliptical or * The 


latter ſuppoſition is uſually adopted in giving a e cription of the 
no motion of the — E 


| 3. The planes of the orbits in which the 
_- Planets revolve are inclined differently to 
the plane of the de but none ſo 
much as 89. 

: The latitude of no two planets can dif ſ much a5 16% 


4-Three of the primary planets have fatellites 

or ſecondary planets revolving round them 
as centers, in orbits nearly circular, and 

5 accompanying them in their revolutions 
round the Sun. 


5. The Moon is the 3 ſatellite cer 
upon the earth, and performs its periodic 
FERN in about 27 days 7 hours, de- 
_Rnbing 


2 


| | | a E [ : 110 ] 
ſcribing an orbit which is inclined to the 

plane of the ecliptic at an angle of about 52. 
If the periodic times of Kea two of the heavenly bodies be a mb the 


ſynodiĩcal period will = — bee their NE to be circular, _ 


3 1 their motion uniform. 
| The periodical time of the Moon = 27.29; the periodic time of the 


Mp 5 earth = 365. 25 days; wherefore a ſynodical month = 774 fu ind? Ae BY 
2 i 3 3 s. an of about ag days and a bal. 

=... 6. The Moon is obſerved to turn the ſame 

3 face towards the Earth in every part of 


| 
—_ . her revolution. 

i | ©» | From hence it is inferred, that the Moon turns round her axls which 
; 


305-25—27+«29 


| 5 | is nearly perpendicular to the plane of her orbit, in the fame time as ſhe 
compleats her revolution round the earth. 


| 7. Four ſatellites revolve round MEPs and 
| five round Saturn. 


| | 7; 8. Saturn is encompaſſed with a luminous 
| ring, the appearance of which varies ac= || 
. | cording to the different Fn of the 
ſpectator. 
9. The planets and their fecondarits are 
opake and ſpherical bodies. 


10. The earth turns round its axis which is 
inclined to the plane of the ecliptic at an | 
angle of 665 2 e its revolu- 


tion in 23.50 4* 


| | The apparent diurnal 3 of the Sun and Stars from eaſt to 
| a „ weſt, ariſes from the real revolution of the earth round its axis from a 
weſt to eaſt. = 
If the'Sun's lace i in the ecliptic were always the ſame, 360 of the | 
equator would paſs under a given meridian between the ume of the 
Sun's leaving and returning to the ſame meridian. But fince the mean | 
. increaſe of the Sun's right aſcenſion in 24 hours i is 59. $”, it follows, 
5 | "3 : ' . that during 24 hours, or a mean Solar day, 369%. 59, 8 of the equator 
1 5 | will paſs under a given meridian: whence we 83 the time of the 
Earth s revolution round 1 * by the following proportion; as 


| | : : gere. 5 8˙ 360 ſo is 1 woa 56. 4 the time 8 5 


The 


8 H ] 


The great circle of the heavens, in the plane of which the Earth 
perſormꝭ its diurnal revolution, is called the equator. 


The different ſeaſons of the year a are cauſed by the Opry ve _ 
ecliptic to the equator. 4. | 


11. Other planets have been obſerved. to re- 
volve round their axes. Fo ' 


The diurnał revolution of e dit 
covered from the ſpots which are viſible upon their diſks; any one of 
theſe ſpots being ng OO to revolve, returning to the ſame 


poſition-whieh it has d from at equal intervals of time. 
It is diſcovered from the w_—_ on the « 8 that 2 Sun turas rouna 
his axis in about 25 days. 


12. The Earth is eee, with a thin 5 
tranſparent fluid, es collectively the 
JJJECCCCfCCCC0CC0C0C00 anna ne 
Th elevation 
od NIE er 2 5 ce pr 
_ s rays. | 1 
I 3. Comets are a ſort of planets Which re⸗ 
volve in very excentric ellipſes, round the 
Sun which is ſituated in one of the foci. 
Comets are ec de — both according to the order of the | 


_ figns, and in the contr 


The planes of their pu! Ger are inclined to the plane of w 1 
YO TER: Not W confined within any limit. 3 
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 PRENOMENA WHICH DEMONSTRATE THE TRUTH or THE 


| COPERNICAN SYSTEM, AND SOME COROLLARIES.. 


27" VENUs and Mercury are never n 10 


3 to the Sun. 


7. et is ſaĩd to be in when the Sun 8 
8 —_— by 2 d a and ner. lon 


| 2. "The angle of clonention If an inferior 


planet from ths Sun, never exceeds a cer- 
tain limit. 10t-ﬆ ied on 

3. The fu Ger pliers are / obſer TVe 

ſometimes in Lee 1 fometimes 
4 2 f 


„ «% 


5. a ee is a certain adage of lon igati — 
the Sun at which à planet appears ſta- 
tionary when ſeen from the Earth. 


Let the periodic time of a ſuperior planet, be to that of an Weder, as 
12 t, and let their diſtances from the fun be as 1:3. — an angle, the 


bebe of which = / z radius being 1, will be the angle of elon- 


ion from the ſun, at which the inferior planet appears ſtationary 
when obſerved from the ſuperior. —— The angle of elongation of a 
ſuperior planet, when ſeen ſtationary from an inferior, is obtuſe : and 


the fine of it -.. x = radius being 7. | 
1— 2 

It is here ſuppoſed, that the planets revolve uniformly in the ſame 

planes, and in cireles, the common center of which coincides with the 


center of the ſun. 
The obſervation of the planets ſtations will eee deviate ſome- 


thing from the preceding rules. 


6. A ſpectator on the earth ſees that part 
of a planet's diſk only which is contained 


between the circles of viſion and illumi- 


nation. | 
It . 


* 


: 


1 113 1 


t ie rem ** the moon and the inferior planets a borne 
ben they are ſituated between the Earth and Sun. 


The Cirgles of vifion and illumination always ſo nearly coincid inci coincid in the | 


dune Jupiter and Saturn, chat theſe . appear in "All 2 to 
mine with a full diſt, * 
In Mars, when near ereus theſe Circles „eig inclined 


to each other, cauſe a part of the illuminated diſk to be et wo 


our viewz in this . Mars is ſaid to W. 2k 


3; The parallax of the Sun i is about 80 8 | 


This is the parallax of the Sun when viewed in the Zenith l in the 
1 or the Horizontal parallax. Wherefore the ſemidiamater of the 
h is to. the diftance of the Earth from the Sun as che fine of N 
radius, or'as 1: 24266 ,*, and fince the radius of the Earth = 397 
* the difance of the Sun ken the n = 24266 "HO near 
- 97000000 8 i : 


$. The parallax ok a fixed FOES ſtunted = 


or near the, a wo: of the Wc 18% NOT 
. fenſable. | 


The parallax i is therefore leſs 2” „ and. ES the diſtance of the 


Star greater than 1900000-times the baſe from ies of w Iv i it 
n obſcrred, that i is, greater than 1co0060 Oye, ty he 4 h hs 


. Earth's orbit, or greater than roοοοο 194900006 miles,” 


* _ 
. 


9. The parallax of a fixed ſtar being not 
more than 2“, the Sun when viewed rom 
the ſtar would appear under an angle leſs chan 


22.67% 


1 leſs than the hundredth pars 


of a ſecond; and therefore” could not be 
Anne from a point. 


inet bodies ecual th magnitude” and ſpledor to he 3 
Pie at the diſtance of the fixed Stars, would appear to us as; _ 
now do, it may be readily inferred, that the fixed Stars are bodies every 


way ſimilar to the Sun, which is the center of the folae ſyſtem.  - 2 
This being the caſe, the reaſon will appear why a fixed Rar, v whew | 
viewed throogh'a . 3 5 pw my no 


e 1 „ 20 mopnitied n hundred thmey will 


WEB ers an' he rot mach 1 Falls at the of S i 
in the teleſcope. a 


© 
„ 5 The. 
& "$47 Is 
* 3 
* 


1 114 1 
Tie parallax of the fed Rar when viewed from the tape: 


fie parts of the earth's orbit, is here afſumed 4%; but it xt 
e that the parallax of the neareſt tar, is much lels, and 


een the diftance greſſter i in the ſame proportion, as the 
parallax is | 


10. The appearance of the fixed ſtars in the 
heavens will be in eve reſpect the ſame, 
in whatever part of the earth's, or even 


P 1 e orbit, the ſpectator is ſituated. 


1. The change of place or parallax of the 
R 1 ſeen in the zenith and the 
Ee is at a medium, 57 | | 


Comets have no ſenfible diurnal par- | 
el. 


1 1 that the fiber" bf comes malt be 
_ preater than that of the moon from the eatth, | 


| 14. Comets are obſerved to FRO their 


places-i in the heavens, on account of the 
_ earth's motion in its orbit. | 


tis inferred from hence, that comets, who viſble, are 
- Ether within the regions of the ſolar Gm « or I Lag 
_ difnat trom the ** of n. | 


5 


$4 : 
1 1 


98 5 conekixzne nnn 4 | 
1. PHE. planets and their 8 

ſhine by the light of the ſun re- 
flected from them. 


2 r 


the ſun, will interoept part, or 
eyen all the rays of light from arriving at 
E. 8 according to the magnitude, 


— of the opake body, 


=" Ix. 1 


ſphere ſubtending an angle at the {x r's 1 
n than 184 apparent aha, 0 the f 0906 - 


tally intercept the rays of light, if the center of it 1851 in a * 


Joining che center ot the fan and the eye of the ſpeſtator. 
3+ The ſhadow of the earth is of a — 
* length, and will 3 eclipſe the 


3 from any part of ih he mne 
fitnated in . 


The figure of the ty besen 182 cone 4 4 the EN * F 


je a continuation! of the line, which joins the centers of the 


4 9 the Anh beirn þarween thy ſup M 


Tue length of. a planet's ſhadow 3s is the ſerai-diamotet of . 
the planet, as e to the fine at the ſun's apparent ſewĩ · A- 


meter. 


4* Suppoſe the poſitian of the ſhadow to be 
reverſed, ſo that the vertex of the cone 
may be. between the ſun and the planet, 

| "BN, 8 axis remaining in the ſame direQipn = 
as before; a continuation. of this con 

| Horning ſine Rogues, eld the pe * 
numbra. The: 

„ If a ſpectator be emed 4 in e ha 
bra of a planet, a part of the ſun's light 
will be intercepted from his vie Fp. 

5 * ſun is never eclipſed hut at the time 


a new mon, ber che moon it never 


7: daes of the moon — ſun ould 
Wie at every full and new moon, if 
the plane of the moon's orbits ware c- 
incident with tha plane af the ecliptic. 
5. The plane of the moon's orbit is inclined 


to that of the ecliptic, at an angle * 
3. about 9 


— 


[. 6 1 


* "The Une eee. is al 
led the line of the nodes. #6 F 785 


9. If - the angular - diſtance of the moon's 
center from the node at the time of the 
new moon, be leſs than about ſixteen 
| and a half, eee 
echt of the ſun. 


o. If the angular diſtance * ihe” full 
| amy s center from the node, be leſs 
— 3 about twelve degrees and a half, the 
7 000g will be eclipſed. 


Tue limits of ſolar, being greater than thoſe of Junar eclipſes, ho 
- there will happen in a given time a greater number of eelipſes 
df the ſun than of the moon. But an eclipſe of the moon is 
: ' viſible to the inhabitants of one half of the globe; whereas a 

ſolar eclipſe can de chſerued on a ſmall proportion of the earthꝰs 

_ ſorface only : For this reaſon, at a Re ven place, more lunar 
K eclipfer will be viſtble ina certain time, chan eclipſes of the ſung 


E |; No primary planet can fall into the 
ſhadow of another Rec ma planet ; but 


part of a planet's ſurfice may be eclipſed 
- "by falling into the ſhadow of its ſecondary, 
26 Ay planet may fall into the penumbra of an inferior planet. 


| 8 g 125 When the earth falls into the penumbra 


* Venus or Mercury, the rays of the ſun 
are in part intercepted from our 'view; - 
1 the planet in paſſing over the ſun, 

appears as a dark ſpot upon the diſk, . | 


* 


71. Mercury and Venus would be obſerved 
: 0 paſs over the diſk of the ſun at every 
inferior conjunction, if the planes of their 


eld coincided with DE; of 0 ecliptic, 
L397 821% HJ 75 


2 | ge. 3 


OI 
> — 0:7 
1 


< = 


or THE PHENOMENA „men Aalen FROM THE EXCEN=< | 
'  TRICITY OF THE EARTH* 's ORBIT, AND eee 
THE DIVISION OF TIME e 


4D HE. apparent diameter _ hour- 

g ly motion of the Sun are ob- 
Wb to-vary as the earth revolves in its 

orbit: and the variations are ſuch: as de- 


monſtrate the orbit to be elliptical. 


If the earth's orbit be ſuppoſed an, excentrie circle A 35 the 
idea of ſome ancient aſtronomers, deductions formed from this Hypo- 
theũis diſagree with obſervation. | 

I the earth be ſuppoſed to revolve in an elli round the Aan placed 
in one of the Foci, whatever deductions are 1 . wp 
ation, preciſely agree with * | 


2. Suppoſing the excentricity- and — 
mayor of the Earth's orbit to be known, 
if the Sun's place in the ecliptic be given, 
the apparent ſemidiameter of the Sun 


may be determined. > 


In e let e the ihe ave + * 0 - 
c the ſemiaxis minor La PE E 

m the excentricity 
Let a point be affoman in the circumference of the ellipſe, and let a line 
be drawn joining the point aſſumed and the focus. Let the coſine of 
the angle contained between the line drawn as above and the axis major, 


then the diſtance oſ the aſſumed point from the focus = —— 'y 


It is immediately inferred from hence, that if 4, be the apparent ſemi- 
diameter of the Sun when at its mean diſtance from. the earth, in any 
other poſition in which the coſine of the Sun's. longitude- from the- 


apogee = |, the apparent ſemidiameter will = dt x : 5 8 


It appears that the obſervation of the Sun's apparent femidiameter 
hee accurately with the preceding deduction, formed a priori from the 
el 3 of which this agreement is a confirm ation. 


f order to illuſtrate this by an example, let it be ired to de- f 
= —— the apparent ſemidiameter of the Sun, when his longitude — | | 
71%. zF'. 40" in the year 1776, ſuppoſing the 2 of the earth's 
+ orbitto be 16. 875 the ſemiaxis major ym: and the Sun's mean ſemi- 
" . _ diameter 16“, 2 
wn the Sun. 5 longitude = 71. 25%. 40”, his angular diſtance from 
gee = 99*. 16 — 71%..25/, 40% 270. 50%. a0%; let the cofing 
of” afl. 50. 20% = J. From the preceding data and the rule * de · 


being J, will = d. x 


* 


It 
the 


F 28 ſemidiameter, and 


Ct 1 


ſcribed, we deduce the a eg ſemidiameter of the Sun=rooo x 962.118, 


1000 — cos. 27%, Fo. 20 x 16.83. 


= 15,480.74 


rly apparent motion of the Sun in 
ptic when at.the mean diſtance, the hourly motion when the Sun 
is in any point of the ecliptic, the coſine of the longitude from the apogee 
| „ 57 
Theſe conclufions, and any other derived in a fimilar manner for the 
"An motion of the Sun at a given longi- 


* 


') . 
1 a Re d" being the ho 
i 


do not differ ſenſibly from obſervation, which is (among others) 


a 
2 a demonſtration that the orbit in which the earth revolves is an ellipſe, 


the Sun being in one of the ſoci. 


A line joining the earth and ſun deſcribes 


ual areas in equal times during the re- 


volution of the earth in its orbit. 
Since the interſection of the ecliptic and the equator divides the area 


of the Earth orbit unequally, it follows that the times of the Sun's 


entering the vernal and autumnal equinoxes, will divide the year 


unequally. . 2" : J 
The daily increaſe of the Sun's right aſcenſion is variable en two 


accounts. 1. The variation of the Sun's angular velocity in the ecliptic. 


2. The inclination of the ecliptic to the equator. Hence ariſes the 


inequality of the ſolar days; à ſolar day is the time elapſed : een 


dite Sun's leaving and returning to a given meridian; the length of it may 


we have the following proportion 360 360 1 2 x 


be thus determined: Let : the time of the earth's revolution tound 
its axis; a the increafe of the Stin's right aſcenſion during 24 hours: 

| | . | © 36+a 
== to the length of the ſolar day required. or thus: Let a= the 
increaſe of the Sun's right aſcenſion during 24 hours: the length of the 


"= 


. folar day will be determined by the following proportion, as 360. 59/. 8% 


4. 


[1 


2 - 9 


h h 0 
to 360“ +a ſo is 24 to 24 x 0s. 8 , | 
required. | ; DOE 
Cor, 1. Hence it follows, that the folar and mean days will never be 
Sw except 22 the increaſe of the Sun's right aſcenſion during 24 
ours is = 509/. of, 
Car. 2. = AR from hence, that the apparent time of day, deduced 
rom the menſuration of the angle contained between the meridian and 
a circle of declination paſſing through the Sun's center, is moſt common- 
ly different from true or equated time, ſuch as is ſhewn by a well regu- 
lated Clock. : Za : 
The difference between true and apparent time, is called the equation 


of time; this is previouſly calculated in aſtronomical E des, for 


each day in the year. If we determine apparent time by obſervation of 
the Sun or Stars, true time will be obtained by adding or ſubtracting 
the equation, correſponding to the time of obſervation. 


The tropical year is the time elapſed be- 


tween the Sun's leaving either of the. 


The 


N 


tropics, and returning to the ſame. 


E 1 
| | : The tropical year conſiſts of 365 days, 5 hours, and about 49 minutes, | 
5. The ſidereal year is the time elapſed be- 
tween the ſun's leaving any fixed ſtar in 


| the 3 and rea to the ung 


SS ſtar. 6. REES "& 


The f ll year cond of 36 teas 6 Fas nd about 9 minutes. 
From this nce between the tropical and fidereal years, it is in- 
_ - ferred that the equinoxial points change their places in the heavens, _ 
revolving in a direction contrary to the order of the ſigns at the rate of 
about 2 in 72 years. Hence the Colures will be ſubject to the fame 
motion as the e points, and the pole of the vator will deſcribe 
a leſſer circle round the pole of the ecliptic at 237 2% from i it, and will 
compleat its revolution in 72 x 360 = = 25920 years, 
1560 N of the equator's inclination to the ecliptic is not here 
2 ered. 


6. The ſolar year is not compoſed of =. 
exact number of days. © 
Hence ariſes the neceſſity of applying a frequent correction to the 


Calendar, left the ſeaſons of the year ſhould ceaſe to correſpond with the 
- ſun's-place in the ecliptic, 8 from the equinoxes or tropics. 


. Þ e tropical year conſiſts of Aapdays, 5 hours, and 49 minutes; if 3 64 


efore it were accounted only 365 days,according tothe cuſtom of 54 2s 
Egyptians, the deficient g hours and 49 minutes, Would in 4 years ac- 
cumulate to a difference of 23 hours, 16 minutes, by which the calendar 
would precede the ſun; but if in order to compenſate for this a'whole 
| ; Gay be inſerted into the calendar every 4th year, this will be allowing 
too much by 44 minutes, which renders it de to rave out a ws 
about every hundredth yelrs =: 


1 


1 
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= 1 5 CONCERNING THE PROGRESSIVE MOTION OF LIGHT. C 


I. WHEN Jupiter's ſatelites emerge from 

4 Ro | . . . FORE 

* BY . the ſhadow of their primary, the light 

: reflected from them after their obſcura- 

230) | tion, is obſerved to arrive at their earth, 

1; about fixteen minutes ſooner when Jupi- 
1: ter 1s in oppoſition, than when he is near 


CompaUncHien. -.: $name: k | 


* 


* . K * 
* 24444 N — — — by 
EO by Was, 0 . 


| Hence it is inferred, that a ray of light paſſes over the earth's orbit in 
about fixteen minutes, or nine hundred and -fixty ſeconds of time, and 
| 3 194000 ee BE 
confequently m te of a 
| | equently moves at the rate o in 


.. a ſecond, 


1 | 


2 


—_— „ e 


2. The fixed Stars appear to deſcribe ellipſes 
round their true places as centers. | 


| 
| Ef. This apparent motion in the fixed ſtars ariſes from the progreſſive 
: + Bi motion of light, and the motion of the earth in its orbit. 
- Wi | | The longer axes of the ellipfes are parallel to the plane of the ecliptic, 
 # $a | and ſubtend angles which are all equal to about 4o!, and the ſhorter 
1 | _ axes = 40 * fine ſtar's latitude. | 2 | 

77 . The apparent latitude of a given ſtar, is leaſt when the fun is oo 
1 | 1 before the ſtar in longitude. Bobs 

| | The apparent longitude is greateſt when the ſtar and ſun differ in 
longitude by 1209, and is the leaſt when the longitudes of the ſun and 
the tar are the ſame. £3 | | 


3. The velocity of light is to the velocity of 
the earth in its orbit, as radius is to the 
tangent of 200, or as 10313 to 1. 


This proportion is deduced from Dr. Bradley's theory of the ſtars 
aberration, from the eclipſes of Jupiter's ſatellites, it is inferred, that 
the velocity of light is to that of the earth in its orbit, as 202083 to 

10931, or as 10465 to 1: the near agreement of theſe proportions, is a 
confirmation of the principle aſſumed for the explication of the phe- 
nomena. | þ 


| | s CONCERNING 


+ CONCERNING THE CAUSES OF THE PLANETS” MOTION; 
1. F HE primary planets gravitate to- 
hs wards the fun, and the ſecondary 
. planets towards their reſpective primaries. 
A  projetile force having been impreſſed upon a pla- 
. -* , net-when at reſt, would cauſe it to proceed uniformly. in a 
right line for ever, unleſs the ſun, by the continual action of 
its attractive power, defleQed the planet from its rectilinear 
direction. This attraction is called a centripetal ſorce. | 
The centripetal force varies with the diſtance of the planets 
FfFrom the ſun, ſo that a * half the diſtance would be at- 

traded by a quadruple force; at one third of the diſtance, the 
force of attrattion would be ning times as great. | 


2. The planets revolve in ellipſes very little 
_ differing from circles, round the common 
center of gravity of the planets and the ſun. 


The ſun ſo much exceeds the planets in quantity of matter, 
- that the center of gravity of the ſun, and all the planets, how- 
ever ſituated, is very near the ſun itſelf. | 


The areas deſcribed by the line joining a planet, and the 

- Point to which the centripetal force is always directed, ate pro- 

portional to the time of à planet's motion ia its orbit, 
Some of the properties of central forces may be illuſtrated 

3. Suppoſe two bodies, urged by centripetal 

and projectile forces, to deſcribe circles 

round a center of force ſituated in the 
common center of the circles; if the perĩo- 
dic times be the ſame, the centripetal or 
centrifugal forces will be in the fame ratio 
as the radii of the circles. 

4. If the periodic times be directly as the 
radii, the forces will be inverſely as the 
radu. 2 

5. If the ſquares of the periodic time be as 

the cubes of the diſtances, the centripetal 
forces will be inyerſely as the ſquares 

of the diſtances — DT 


6. The ſpherſdi 


” th. 4 "G44 
al P * 
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TDhubis cafe obtains in the revolutions of the planets and their 
 ſecondaries, this difference excepted, the planets and their ſecon- 
| daries perform their motions in ellipſes 3; whereas in the experi- 


ment, the bodies revolve in circulat orbits z but the me pro- 

ties are demonſtrated (as far as regards the experiment) when 
the otbits are ellipſes as in the above example, changing the ra- 
dius of the circle for the greater ſemiaxis of the ellipſe. 


cal figure of the earth is 

cauſed by. the revolution of the earth 

round its axis. F 
The earth is an oblste ſphereid; an equatorial diarheter, 


being greater than the polar, in the proportion of 230 : 229. 


From this figure of the earth, the indination of the eenptic to 
the „ and the attraftion ofthe ſun and moon, ariſes the 
preceſſion of the equinozes. 5 ä 


* 


7. The centrifugal force of the eatth revol- 


ving round the common center of gravity 


of the earth and moon, contributes to 


increaſe the tides in thoſe of the earth 
which are moſt remote from the moon. 


8, The lunar irregularities are cauſed by the 
action of the ſun upon the earth and 


— 
OOn 0 2 f ; | 
” — 
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Page 3. line 25, for counterpoize, read counterpoiſe. -P. x7. I. 2 
read perpendicular to the horizon. 55 P. 21. I. a. for up an W 
tube, read up an immerſed tube. — P. 25.1. 19. for cubic in inch, 


read cubic inch. — P. 27. |. 7. for ſpeciefic, read ſpecific. — |. 20, 


at the end, dele ora little. — P. 59. I. 6. for on the oppoſite direc- 
tion, read in the | pony direction, — P. 60. I. 22. after nearly, 
iuſert (:). — P. 63. I. 22. dele be. —P. 66. laſt line, dele upon the 


retina, — P. 68.1. 24. for there, read theſe. — P. 22. Il. 2r. far” 


object, read body. — P. 73. 1. 6. for is obſerved, read are obſerv- 


ed. — P. 91. 1. 14. for n = 1, read n+1.—P. 104. I. 37. read 


equatorial. — P. 104. I. 39. read apparent places. — P. 90. I. 39. 
Jor verticle, read vertical. — P. 110. I. 5. dels 
Jor direction, read obſervation, — P. 91. I. 13. read d and o, is 


and. — P. 92. I. 35. 


| equal, &c. |. 26. read combinations. — P. 101. I. 3. read revolve 


— 
* 


in a leſſer circle, — P. 108, 1, 8, dele either of, — P. 312. I. 7. for 
planets, read planet, W N 
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s 'CD „ 
the field of the teleſcope: c, the point 
in the field through which the line 
3 of collimation paſſes. Let a line 4C . 

paſſing through e be adjuſted parallel to 
dhe plane of the declingtion circle, ang 
. Gippoſe BD to be drawn EN? per- 
pendicular to 40. 2 
2. Haviog ſet the declination cir&le to go? 
| (in either quadrant) direct the point c to 
SI Jiftant Sed object bs and turn the equatorial circle in its? 
; lane 1802.---If 5 does not now coincide with the point c, 
3 the lines p 9, pt to be drawn perpendicular to A C at * 
D reſpectively: correct half the error c by moving the de- 
clination circle in its own plane, and a6 fl error p 97 by tering 
I the inclination of the declination circle e plane of the Huato⸗ 
8 rial.---If. the point c be now directed to the diſtant object p, and the 
- equatorial circle; be turned 180 in its own plane, the points p 
and c will ill coincide —By a very diſtant object is meant any 
viſible point, the diſtance of which is not leſs than 400000 times 
the perpendicular diſtance. of the line of collimation from the axis 
of the declination circle. * _ 
. Set the declination nohius to 90; and having turned the declination © 
circle 1809 in its own plane, direct the point e to the diſtant of. 
ject y; ( Hg. 1.) and move the equatorial circle in its own plane 
1809,—If p now deviates from e, the error c q will ſhew Couble 
theerfor in the diviſion of the declination citcle, angitannor be cor. ect d 
by adjuſtment: ſuppoſe therefore the point p to bl le 
mne DB, nd correct ꝗ of the error 7 e by alte ng the inclination 
: of the declination circle to the plane of the _equatorial, and & of 
the ſame error 1c by. moving the line of collimagie pergendivaigg * i 
to the plane of the declination circle. AP = 
When the preceding adjuſtments are correct it 8 t. That the 
line of collitnation is parallel to rhe plane of the declination 
circle, 2. That the plane of the declination circle is perpendicular 
to that of the equatorial. 3. The errors of diviſion, (if any) in the 
two oppoſite points of the declination circle (viz. the two goss) are 
diſcovered. 4. When the declination circle is ſet to ©, the line of | 
collimarion is parallel, and when ſet to go?, (in either 3 
is ee to the Plane of the equatorial cirele.— : 
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4. The azimuth circle beingadj ed horizontal, 

make AC Le to Ts turning IJ 

_ * * equatorial and azimuth circles in their own - 
planes, and having directed the point c 
to a very diftant fixed object p, eſtimated 
to be in the horizon or near it, move 
«i azimuth and declination circles in 
tir own. planes 1800 each, fo that the 
bee may appear ſomewhere n the 
e DB: if p deviates from it 


" = 2 to m, vill be kerizontal—Det n be marked on the 
. orizon. 
5. t the declination circle to o,. an turn the Midi circle in its 
oon plane 902, ' fo as to bring the horizontal object 1 into the 
Une D B, and direct the point c to , by moving the equatorial circle 
in its own, plane if neceſſary.— The plane of the declination circle 
will now be- horizontal, and that of the equatorial circle vertical. 
F. Turn the equatorial and azimuth circles in their own planes 180. 
If now deviates from c, r will be the error in diviſion of the 
"ag" s and LS the error of divifion in "the azimuth circle. 


In K. to elevate th equatorial circle, FEW as horizon to any 
. _ Propoſed inclination, ſer the declination circle (is the ſouthern 
SO! to the propofed angle of elevation; and 2 brought 
XII on the equatorial circle to point o on the index, direct the. 
line of collimation to the horizontal point u, by altering the 


2 4. anchnation of- the equatorial circle to che horizon, and by turning 
® WM +.» the azimuth circle in its own plane. | 

X. In order to adjuſt the equatorial index, ſet the e ci 

. do o, and by moving the equatorial and imuth circles in K 


own planes, direct the line of collimation to the horizontal 
| ſet the equatorial index to VI. 
the laft adjuſtment, when the equatorial index points 
ane of the declination circle will coincide with a ſecon- 
common to the equatorial and azimuth 'circles; upon this ſecon- 
"0 - Gary therefore the inclination of thoſe circles to each other will 
be truely Meaſured.— The 7th adjuſtment may be repeated if it be 
= thought neceſſary. 
If the teleſcope magnifies 60 times, it follows from the preced- 
ing adjuſtments, . that any inclination of the line of collimation, 
or of the equatorial axis to the plane of the declination circle 
| muſt be diſcovered, if it exceeds 1“ —It follows alſo that, (if the - 
= . +. levels bx means of which the poſition of the azimuth circle is 
= $42.  Fedtiied be tolerably good) the point (deſeribed in art. 4) is 
truly horizontal within 6” or $/. 
; It may de inferred from hence, that when the plane of the 
equatorial circle coincides with that of the equator on the heavens, 
ahe Lne of collimation wall. _— the motion of the * 
* CLIC 8. 
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5 vithout ſenſible error, and will com Wy deſcribe a circle gk TOS 
> >.» - declination in the heayens: when the Equatorial index peims 
de XII, the line above mentioned n deſcribe a Don 72 NR 
—_ . F common to the equator and horizon, or the meridian ef the 8 . 1 © va 
4s ad will therefore paſs Sy che of the gran 255 > 
AA enith.—The Tutorial inftroment in "this p06 ay „ 
| rnd 28 a tranſit "teleſcope... | | N 
222 The errors in he  pofitioh of the le un in che a ZZZ = 3-8 
| 3 8 25 duced from obſet 285 with the xquatotial inſti | (defcribed: and 75 : =. 8 


eee.ctftimated in page no pes 5. The teleſcope bei 
of that fort which 9 the image inverted } 1 2 8 | mo 6 
Object, it follows that the ftar's apparent elevation arifing from re 
| traction will cauſe the 1 image in the teleſcope to be depreſſed through + 2 25 and. Fe 'K 
2 ſpace which ſubtends*an' angle at the center 4 55 755 object glas, W 
B equal to the ſtar's refraction in alrirude.-:-Sugpo B Fg. VV 
TY 9 1 perpendicular to the Une of colliraationy 25 to be ad to the 3 
I's =o of a 2 circle which paſſes through an obleryed PS „ 
OF - repreſe nt the depreſſion of the ſtar's image above 3 
feribed, which may be determined, if the principal focal len 
of the object ylaſs, and the ſtar's reſtaction in altitude be given: 
If ] be now direted to the ſtar's apparent plate, it is manifeſt, tt 
| the line of collimation of the inſtrument which joins the paint c and _ 
SD i the center of the object glaſs, will be G ed g ne 7770 
| | dap 8 re ſtar, whereby the effects of refract 8 e hover enk 
poſition of the meridian are intirel — | * . 
In determining the right aſcetic ang et of comets o 
| fears by an equatorial infer trumenty perfekt Adjoſted to the latitude 
5 and meridian, conſiderable errors ariſe om veftsction. Let » re- 
1 a preſent the refraction in altitude, a the right aſcenſion, and d the 
Oe OM 5 declination of a ſtar; à and dthe Variations of right aſcenſion and 
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8 declination cauſed by refractien. Alſo,” Jer s = the angle con- 
| tained between a Yettical- circle, and cirele of > 
| through the Wer: 8 have from the: properties 
| - 6K&r x Tor Gans = =r x Cof.5;/ ies Wing 1. Theſe =_ 
5 in determining right aſcenſions and Jeclinariofs with the equatorial 
. Inſtrument are (as in tha fhrmer caſe) corrected in the obſervation, 
if the point c through "which the line of & deiner be 58 
| Fi _ viouſly depreſſed in a vertical plane throuy ich Im 5 
„ | tends an angle at the center of the object Yaſs equal to- the ft n 2 
8 : refraction in altitude. 5 MA} 
3 I This is one among many other ſcientific improvements which Haves _ 
deen applied to the conſtruction of the _—_ inſtrument * 5 
5 MMI. Ramsden. ? © HY 
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